Control = 
ENGINEERING 


INS*KUMENTATION. AND AUTOMATIC GONTROL SYSTEMS | 


DECEMBER 1956 


SPECIAL IN THIS ISSUE: 
The Early Bird Goes Automatic 











SAVE VALUABLE DESIGN TIME 


in both development and production by using 
SERVOMECHANISMS’ proven components. 





400 CYCLE COMPONENTS ; 


. 
. . 
. 
AMPLIFIER 
. 


MODULATOR 
POWER SUPPLY 





% 


INSTRUMENT MOTORS 












60 CYCLE COMPONENTS 


. 
. 
+. 
. 
© 
. 
. 
. 
. 
- 
7 
. 


. 

. 

. 

7 

. 

. 

. 

. 
° 
7 
. 
. 
7 
. 
. 
. 
. 
. 
. 
. 
. 
. AMPLIFIER 
. 
. 
. 





- MODULATOR POWER SUPPLY 
. 
. 
. 








Te Oe Pes « Phe se i MECHANICAL DEVELOPMENT APPARATUS 


These proven components are available now. We've 
designed them —aliowing you to concentrate your time 
on the application. The 60 and 400 cycle components, Now, they are available as individual units. All of the 
together with the companion instrument motors and —_ components meet applicable military specifications for 
the extensive line of Mechanical Development Appara- —_ both prototype and production deliveries. 
tus, offer the Design Engineer an assortment of ready- The design philosophy of packaged functions; the 
made units that are ideally suited for closed loop con- _—syyears of manufacturing experience, and the constant 
trol applications. improvement of the basic units, all add up to optimum 
These packaged function components are plug-in _ adaptability, performance and reliability. 
units permitting quick and easy replacement anywhere. 


Servomechanisms, Inc, manufactures these units for 
use in its own analog computers and control systems. 


Find out more about these quality units and how they can Save 
You Design Time. Write today for complete technical information. 





MECHATROL DIVISION, 625 Main Street, Westbury, L.., New York 
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SHOPTALK 


Training is Our Issue 


I'he sea of faces poring over control hardware on out 
Covel points out the theme of this issue: how our field 
4 is training its technicians. ‘Ihe tace below—that of Editorial 

\\ hat \\ il \ssistant Frank McPartland—might well be tucked away in 
: part of the assembly. lor we recently sent Frank to join the 
happen M ranks of trainees in control in a typical manufac turer train 
ing course (one of the 33 described in Industry's Pulse, 

page 55). ‘lo augment the cold 
tacts in Pulse we asked Frank to 
write an informal report on how 
he fared at the school and what 
you—or your designated trainee 
might look forward to if you 
| also can break away from the job 


THE ANSWER 


\53#MRA'sX 





tor some class work 

























Frank’s Report 


To obtain missile break-up 
data, the combination 





of Model AS3 high current In line with our current theme, the education and training of 
output accelerometers control personnel, I'd like to give our readers a few first-hand i npr 
inna son oa - sions Of how one manufacturer, The Foxboro Co., is meeting today 
be a successful system. demand for better trained instrument users. I say first-hand becaus« 
STATHAM Model AS3 1 was fortunate enough to spend three weeks in July at one of 
accelerometers produce loxboro’s general courses in instrumentation, largely due to th 
2 heey a RPO Es efforts of Chief Editor Bill Vannah and Harry Furry, direct of 
ised. Yhew avo emall in training at Foxboro. 
size and light in weight Although its own service and sales people are required, at one tum 
Please request or another, to attend these courses, oxboro maintains the training 
Statham Bulletin center primarily to satisty the educational needs of its customer 
No. A53. In addition to its general and special courses in instrumentation, th 
whe Maas tens eo chool sponsors each year a number of forums for various industrial 
miniature elrberne magnetic groups. But the course most frequently offered, the one which best 
tape recorder manufactured justifies the school’s operating expenses, is the three-week General 
ee Industries Course. 
2420 N. Lake Ave.. Geared principally to the technician level, the course covers thi 
Altadena, California, and fundamentals of industrial instrumentation and their practical appli 
tty + thew cation, Classes run from 8:30 a.m. to 5:00 p.m. daily. Actual test 
lil ale enn 0 tome and calibration work in the laboratory amounts to about four day 
demonstrates the ability total time. Questions are welcome anytime during the classroom o1 
of Statham Laboratories to bench-work sessions. Six well-qualified, full-time instructors, equipped 
poe eter diese nye wo with a raft of visual aids and working models, do a splendid job of 
eftert te serve the maintaining student interest throughout the course. No examina 
engineering field. tions are given, but this seems to make little difference in the amount 
of “midnight oil” burned in the rooming houses nearby. Well 


screened by their own companies, the students are mature cnou 
to realize that laxity can hurt no one but themselves 


On Friday of the third week, there are no formal class Instead 
there is a plant tour in the morning conducted by the schoo) staff 
and there are conferences with industry consultants in the afterno 
Probably the most enjoyable extra-curricular activity, aside from 
horseshoes at high noon, is the opportunity afforded each student t 
7 personally calibrate his own “‘appestat’” at a dinner given for th 
graduating class’’ sometime during the last week 
C ‘ Loop I'd like to take this opportunity now to thank Norman A 
; Ken Bell, John Parkes, Gerry Bilveu, and the many others in th 
via: hal ad 4 school pa the plant who wer helpful to me during n 
LABORATORIES | | f 
tay at Foxboro 
| FRANK McPARTLAND, Editorial A 
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a Transistorized 


ELECTRONIC 
PROCESS 
ete] eile) & 
SYSTEM 


American-Microsen’ presents a new all 


electronic process control system with 
Transistorized instruments 


All measurement and control functions 


contained in just three basic units 


Mach unit contained in a single, compact 


housing 


The transistorized electronic Controller 

has all control room components within 

one, panel-mounted: case. Transistorized 

for highest reliability and compactness, 

this new instrument saves both panel 

pace and wiring means better process 
control for a smaller investment 

These new. instrument upplement the 

‘American-Microsen’ Process Con- 

tems that have been in contin 

and successful operation since 1953 

‘American-Microsen’ 

for more infor 

about how these instruments can 

the ultimate i proces control, 


quality ai d economy 
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THE TRANSMITTER 





The new Series 185 Pressure Transmitter is a min- 
iaturized version of the well-known ‘American-Mi- 
crosen’ Pressure Transmitter. It incorporates the 
latest mechanical and electrical features to achieve 
maximum operating benefits and usefulness 

The time-tested “Microsen” balance creates a sta- 
ble de signal for long distance transmission. Bear- 
ing pivots and linkages are entirely eliminated. 
Consequently, sensitivity is practically infinite 
and repeatability of measurement is within 0.001% 
of range span 

Printed circuitry and miniaturized components re- 
duce the size of the transmitter to only 4%” in 
diameter and 54%" high. In dust and weatherproof 
case designed for universal mounting, the Series 
185 can be firmly supported on meter piping, pipe 
pedestal or vertical surface. 

‘American-Microsen’ Transmitters of similar de- 
sign are available for differential pressure, flow, 
temperature and other variables. 


MANNING, 


MAKERS OF ‘AMERICAN-MICROSEN’ 

















ere ne 


THE CONTROLLER 





The Series 164 Controller provides a complete con- 
trolling system in a single panel-mounted housing. 
Now one compact transistorized unit handles all 
control functions: indicating or recording the 
process variable, controlling, and manual-auto- 
matic operation. Transistorized design greatly im- 
proves reliability and service life. Savings in panel 
cost are tremendous because of miniaturization 
and consolidation of control functions — because 
no longer is it necessary to wire several units 
externally. 


The Series 164 is available as a Recording Con- 
troller, compact Indicating Controller and as a 
long-seale Indicating Controller. Each functional 
unit is contained on a separate plug-in chassis 
within the housing. Each unit can be removed and 
replaced within moments without disturbing the 
operation of the other units. 


THE OPERATOR 





In 1955 we introduced the ‘American-Microsen’ 
Electro-Hydraulic Control Valve Operator — a 
power unit with position feedback to operate con- 
trol valves, dampers, etc. It completely eliminated 
the need for compressed ai! 


More than a year of efficient performance in field 
service was paralleled by further engineering de- 
velopments that culminated in the new Series 181 
Electro-Hydraulic Control Valve Operator. This 
improved unit offers simplified design character- 
istics that mean even lower c: 
liability than its predecessor: 


t and greater re- 


The Series 181 Electro-Hydraulic Control Valve 
Operator is mountable on standard yokes supplied 
with conventional slip-stem control valves with 
bodies of single or double-seated construction, with 
V-port, parabolic, needle and equal-percentage 
plugs. It can be furnished for all valve sizes, in- 
cluding those of 4 

able up to 3,250 Ibs, 


stroke, and with force avail- 


MAXWELL & MOORE, INC. 


INDUSTRIAL 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT, TRANSMISSION AND CONTROL 





CONTROLS 
Strattord, Connecticut 


DIVISION 


MAZWELL 
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UAC COMPLETELY ELECTRONIC 
DYNAMOTORS 


a 


UAC 50W 
OC POWER 


SUPPLY 2 ibs 


1—500 WATT SEMI-CONDUCTOR 


WEIGHT AND SPACE SAVING 
POWER SUPPLIES 


RADIOSONDE 

AIRCRAFT RADIO RECEIVERS, 
TRANSMITTERS, COMPUTERS, 
SERVOS, RADAR, TELEMETERING, 


Write, wire, phone specifications today en your 
current production Also osk for information abou! 
UAC transistorized radiation detection instruments 


Ua \ 7 
n C. “J 
electronics 

a division of Universal Atomics Corp 


5O Bond Street 


Dept. CE12 


Weetbrury,Ll I. Nn v 


EDegewood 3 3304 
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| FEEDBACK 


High School man wants in 


To tHe Eprror 


Il am now a junior in high hool 
and have become interested in a ca 
reer in automation. Would you please 
send me what «information you have 
regarding opportuniti¢ 
in the field 


ind education 


Mike Schwager 
Shoshone, Idaho 


Check the following: 

1. Dec. '56 issue of Ct 

2. C. R. Otto, chairman of the 
ASME Instruments & Regulators 
Education Committee, E. I. du Pont 
de Nemours & Co., Inc., Louviers 
33W8, Wilmington 98, Del. 

3. J. C. Melcher, Instrument Society 
of America Education Committee, 
Leeds & Northrup Co., 4901 Stenton 
Ave., Philadelphia 44, Pa. 


In view of the anticipated need for 
many more engineers in the control 
field, we must try to interest high 
school students. We propose a 
cross-society effort, perhaps coordi 
nated by the American Society of En 
gineering Education, to prepare litera- 
ture that will describe opportunities 
in the field. The sponsoring of this 
effort by the education committee of 
one of the professional groups in the 
field would be a most worthwhile 
project for 1957. Ed. 


information, please 


lo tHe Eprror 

Your arti le Six Indu trial Use 
Size Up Automatic Data-Logging” i 
July was both interesting and 
ening. 


It was especiallh helpful to us at 





PROBLEM FORUM 


What are the fundamental problems in measurement 
and control that need researching? The Interdepart- 
mental Technical Committee on Servomechanisms of 
the British Ministry of Supply has attempted an answer, 
according to this letter from A. R. Aikman, Danbury, 


Conn.: 


To rue Eprror 

I enclose a print of an article which 
appeared in the September 
of the “Transactions of the 
of Instrument Technology” (pub 
lished in England). Entitled “Out 
line of Research in Support of Con 
trol Engineering’, it is interesting 
because it breaks down the whole field 
of control with official (Ministry of 
Supply) views on the need of research 
in each area of investigation listed 
Note particularly that the committe 
which drew up the list “hopes to 
publish references” at a later date 

Surely it is significant that the 
British have described and classified 
measurement and control problems 
that investigation. Equally 
revealing are reports from Americans 
who attended the Conference on 
Modern Control and 
Their Application this September at 
Heidelberg, Germany. (Ed. note 
Reports by Rufus Okldenburger, Remus 
Bretoi, and Lowen Shearer appear on 
pages 32-34, this issue.) They make it 
clear that the Russians and Germans 
are doing very competent research in 
our field. Our current advantage over 
all of them is due to better products 
greater know-how in applying them 


» issue 


Socicts 


require 


Theories of 


ind larger budgets for use of measure 
ment and control equipment in both 
industrial plants and militar 
ons. But unless control engineers in 
this country can devote more time and 
money to investigation of fundamental 
problems, we can quickly fall behind 


we ip 


. 7 . 


Everyone can get into the act 


detailed de 
of fundamental problem 

think are getting insufficient attention 
Your viewpoint will | 
whether vour affiliation 1 


Send us your cription 


that you 
ce ps 1 Ot 
vith mat 
rial processing, aircraft and ¢ 
manufacture of 
ness operations. But you will see som« 
problems in common, Our 
staff will assemble, evaluate 
ordinate your 
tion in CtE, presentation at national 
meetings, and discussion with govern 
ment agencies. We offer cash prize 
for the most thoughtful and most de 
tailed studies. 

If you would like a copy of the 
British outline for background, request 
one from The Secretary, Interdepart 
mental Technical Committee on 
Servomechanisms, Room 414, Shell 
Mex House, Strand, Lond W.C. 2 


inan 
machinery, or bus 
editorial 
ind co 


responses for publi 





DATEX 
SHAFT POSITION 
ENCODERS 


Codes: Binary, Binary-Grey, 
Binary-Decimal with 
fhon-ambiguous outputs 


STANDARD MODEL 


"395" 


Immediate Delivery from stock 
on standard models having 
following characteristics: 

¢ 1,000 counts decimal 

(300° to 360°) 
¢ 1024 counts—binary, 

grey (300° to 360°) 
* torque—0.5 oz. in 

ball bearings 
* inertia-423* gm. cm? 
* micrometer zero adjustment 
¢ automatic alignment—no gears 


CUSTOM ENCODERS 


Encoders can be furnished. 





the New oy wa 4 
PRESSURE 
SCANNER* 


Multiple 
Pressures with 


ONE TRANSDUCER 


Designed to pneumatically switch a num 
ber of pressure sources into a single out 
put port, the SP-101 Pressure Scanner 
introduces entirely new concepts into the 
field of pressure instrumentation. By pro 
viding an economical means of measuring 
a multitude of pressures, this device will 
accelerate the growth of automatic pres 
sure recording in fields where it was 
heretofore economically unfeasible. Addi 
tionally, the pressure scanner not only 
reduces the number of transducers re 
quired for multiple pressure measure 
ment but can be used to increase accuracy 
of measurement with presently available 
components. This is done by automati 
cally introducing calibration and/or zero pressures during each recording 
cycle, permitting calculation of exact transducer response; and thus 
enabling greater measurement accuracy. Also, since the transducer is 
vented to atmosphere between pressure ports, hysteresis effects are mini 
mized, contributing to greater measurement accuracy 


MODEL SP-101 
Price $395.00 


Basically, the SP-101 consists of a stator having 12 input ports, and a 
rotor that connects any one of the twelve input ports to an output port 
The rotor is rotated to a desired position by a unidirectional high-torque 
motor, whose operation is controlled by means of a positive positioning 
arrangement. A relay circuit is incorporated in the unit to provide dy 
namic braking in order to stop the motor in a position where the rotor 
and stator ports are in coincidence 


The SP-101 Pressure Scanner can be used in applications that require 
the measurement of 12 pressures, all within the same transducer range 
The unit can be externally programmed to switch pressures in any 
sequence desired, or it can be operated by means of a manual switch to 
select pressures to be measured. 


TYPICAL 
SYSTEM 
USING ONE 
TRANSDUCER 


MANUFACTURED 
UNDER LICENSE FROM 
UNITED AIRCRAFT CORP 


to fit specific applications by 


either modification of standard 
models or wholly new designs. 
Some variations now available are: 


* non-linear coding 
high-count multi-turn units 
ultra low torque models 
miniature size, geared units 
direct decimal coding 








*Low inertia model avaiiabie at $495.00 


— 


GIANNINI 


DATEX 


DIVISION 


1307 SO. MYRTLE AVE., MONROVIA, CALIF. 


G. M. GIANNINI & CO. INC., PASADENA, CALIF. 


SPECIFICATIONS 
FLUIDS 
Air and non-corrosive dry gases 
PRESSURES 
From 0.1 psia to 350 psig 
POWER 
50 watt 115V a-c, 60 cycle 
CONNECTIONS 
input and Output" NPT 
POSITIONS: 12 
Designed for 


Typical Datex Digital Data Recording System bulkhead mounting 


for Recording 60 Pressures 


For additional detailed information, write for Bullet P-101-1 


GIANNINI DAT E X DIVISION 


1307 South Myrtle Avenue, Monrovia, California 


DECEMBER 1956 
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Willllidll MUU llllllllantty 


THE SIZE 15 
TELESYN’ 
RESOLVER 


WS 


AMI Aaiasao 


from FORD INSTRUMENT 


SS 


WAV 





R>_AM 





Extremely accurate 
computing unit 


Resolves input voltages into 
sine and cosine components 


Miniature size 
Lightweight 


Rated 1-24 volts, 
400 cps input. 


The FICo Size 15 Telesyn Resolver 
is available in models with transfor- 
mation ratios of 1:1, 4:1 and 8:1. It is 
widely applicable in such units as ana- 
log computers, angle data transmis- 
sion systems, and similar equipment. 


FREE — Fully illustrated 
data bulletin gives speci- 
fications and perform- 
ance information. Please 
address Dept. CE. 


@ FORD INSTRUMENT 
COMPANY 


Division ot Sperry Rand Corporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


<a 
+ 
| 











? 
Telesyn 
. 7} Due 
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FEEDBACK 


this time as we are in the midst of 
making studies and preparations fo: 
a system or systems for our reactor 
test facility. 

I would like to suggest that an 
article be published giving the types 
of systems (perhaps including block 
diagrams), the vendors, and wher 
their operating systems are located 
An article of this type would be 
extremely helpful in evaluating engi 
neering proposals. | am_ especially 
interested in the system that Mr. R 
L.. Froemke described in the artick 
and would like to know who prepared 
and installed the system. 

The big question that manag 
ment presents to the control engi 
neers is “How reliable are automatic 
recording systems?” I am sure that 
an article such as that suggested 
would assist greatly in answering this 
question. 

A. A. Simmons, Supervisor 

Instrumentation €* Control, 

Naval Reactor Facility, 

Westinghouse Atomic Power Div., 


Idaho Falls, Idaho 


Your wish is our command. We 
have begun to accumulate descrip- 
tions of successfully operating auto- 
matic data-logging systems and hope 
to publish the requested article during 
the first quarter of 1957. Ed. 


Merits better treatment 


lo tue Eprror 

I have received a rather violent ob 
jection to a book review published in 
the October issue of Conrror Enc! 
NEERING. This review was on the book 
Random Processes in Automatic Con 
trol, by Lanning and Battin. The 
published review, in the opinion of 
one of our young mathematicians, 
is written in a newsy fashion but is 
very glib, misleading, and very 
sketchy. The reviewer does not point 
out that much new material is covered 
in this book which has not been pre 
viously published. The review implic 
that the theory is applicable only to 
digital systems, and this is not cor 
rect 

In summary this feels that 
this is an excellent book and shou! 
have received a longer review point 
ing out its virtues 


read¢ I 


I. M. Grabbe 
La Canada, Calif 


We have invited Dr. Grabbe’s 
“young mathematician” associate to 
review the book more thoroughly 
than did our first reviewer. Ed. 


Expired patent belongs to all 


lo THe Eprror 

Pages 16-18 of the October 1956 
issue of your publication carry a letter 
to the editor from Charles L. Kern 
Sherman Oaks, Calif. As a patent 
attorney I would like to comment 
on this artick 

Ihe case that Mr. Kern 


to make for invention 


ittcmpt: 
~ repat 
foundation 


peing 
has absolutely no 
It is axiomatic in the 
this country that onc 


ented’ 
in fact. 
system of 
a patent has expired thi 
covered thereby 
again. It is a fundamental, progressive 
beneficial guarantee by the patent 
laws of ou that 
patent expires the invention co ered 
thereby falls into the publi 
irretrievably 

It is of course conceivable thal 
the Patent Office, even with its staft 


could Ove 


patent 


invention 


cannot bx patented 


country once i 


domain 


of competent examiners 
look a pertinent reference in granting 
a patent. If this 
patent which issues 1 
A. L. Wade 
Bailey Meter Co., Cl 


error occur! the 


invalid 
veland, Ohio 


Systems are products, too 


lo vue Eprror 


Regarding the listening of CD 
“Consulting EF ngincer 
September 6 CONTRO! 

ISSUC Some of the 
Control Systems Eng 
point out that 
have given an 
impression. CDC is not a consulting 
firm, but a designer and manufacturer 
of pac kage control systems for 


under 
92 of the 


I. NGINEERING 


pag 


Sources for 
neering’ —we wish to 


we Way crroncous 


AacTO 
nautical test facilities and continuou 
process industries. More sp ihically 
we furnish Dyne Control 
Systems which use analog com 


Compu 


puter techniques to synthesize opti 
mum conhguration 


trol of a 
In our approach we use both 


required for con 


] 


dynamic and/or transient 
process 
inalog and digital computer elements 
as field controllers and also use s¢ 
ictuators and 


transfect 


lected dynami 
large 
high control accuracy 

Perhaps vour heading “Some of 
the Sources of Control Systems Engi 
necring’’ should be “Sources of Con 
trol Systems”. Obviously, the engi 
necring required to produce a control 

tem is much the same in magni 
tude, if greater in complexity, as that 
furnished by manufac 
turers, We all realize that application 
engineering is a necessary phase of 
the control field and never reall 


CTIsSO! 


to achieve energ' with 


competent 








[Dm 


INSTRUMENT 


Division of Daystrom, Inc. 


ARCHBALD, PENNA 





ranges 
miles ndicate the position, motion and 
heading of the aircraft in which it is carried by a 
light ‘4 inch in diaméter, projected onto the surlace 
yf a translucent grid disc. In the center of this spot 

of light is an arrow that indicates the dire 

tion of the aircralt's heading which will rotate 
through 360°. Using transistors and other miniature 
ymponents and techniques our Pilot's Dead 


Reckoning Indicator is the smallest of its type 


This precision instrument is but one of 
many which Daystrom engineers have devel 
oped and Daystrom’s shop has 
produced for the Armed Services and 
industry. You, too, can depend on the 
“know-how” of Daystrom in development, 
design and production upon Daystrom’s 
reputation for meeting rigid quality 
standards and high reliability. Drop us 
a line, and we'll be glad to have 

our representative call on you. Or, better stil! 
pay us a visit, and see our modern 


plant and complete facilitie 
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the MISSING LINK 
in electronic control... 
the electro-hydraulic 

FINAL CONTROL element 







NEW ASKANIA 
ELECTRO-HYDRAULIC VALVE ACTUATOR 
IS CONTINUOUS-ACTING, DEPENDABLE 


@ Here’s a new valve actuator which makes 
remote electrical operation of the final control 
element a reality for the first time. Adaptable to 
practically all electronic controllers, it produces 
an accurate, dependable heavy duty action 
capable of delivering a 600 Ib. thrust to slide 
stem valves up to 8 inch size. Relays and posi- 
tioners are eliminated because the actuator 
connects directly to the controller. 


SIMPLE OPERATION... 
EASY MAINTENANCE 


@ Operation of the Askania “EHVA" is 
automatic. Maintenance is less because there 
are no compressors, dehumidifiers, filters or 
piping to create trouble. 

Trouble sources are greatly minimized... 
failures seldom encountered...ecasy to locate 
and rectify. 


ELIMINATES WEATHER FACTOR 


@ Electrical operation means no inconvenience or failure from 
condensation or freezing. Trouble free operation under any conditions... 
indoors or out, winter or summer.,.is assured—all the way to the final 
control element with Askania’s Electro-Hydraulic Valve Actuator. 


Check These Facts: Permits all Electric Control Throughout the System e 
Weatherproof Performance « Simple to Install—and Operate « Con- 
tinuously responsive to small signal changes e Accurate Valve Positioning 
Assured by Force Balance Principle. 


FEATURES: Valve Stem Speed...0.5 in/sec Valve Stem Thrust. . .600 Ibs. 
so od cia hekeosceebenscanced Y4 to 2 inches 
OOD. ov ek bbe ebseseyree 3,000-18,000 ohms 
iii. s1.cbveahooreesnwes approx. 75 milliwatts d.c. 


Write for Bulletin No. 200 for complete information on how 
“EHVA" control might be adapted to your control system. 


CONTROLS FOR INDUSTRY 


ASKANIA recuraror company 


266 East Ontario Street, Chicago, Iilinois 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 





A Subsidiary of General Precision Equipment Corporation 
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FEEDBACK 


can be ettectively isolated for the 
desired result, which is an optimum 
control system operating on-stream 
Sometimes our activity is confused 

vith an engineering service becaus« 
of the tremendous amount of system 
engineering required for CDC to 
produce a control system package 
to extremely rigid dynami pecifi 
cations 

J. Lawrence Tecosky 

CDC Control Services, Inc 

Hatboro, Pa 


Footnote to Industry's Pulse 
Survey of Control Manufacturer 
Schools . . . See page 55 


'wo groups of control manufactur 
ing companies that responded to ou 
survey were not included in the table 
One consisted of tho 


COM pant s 
whose que shionnaire Cale in after 
the Oct. 15 deadline, and the othe 
of those companies with no formal 
training at present but with plans for 
a formal school or for an interesting 
informal customer training arrangs 
ment 
As of Oct. 25, the late r pondec 
those with established training schools 
included Fielden Instrument Div 
of Robertshaw-Fulton Controls Co.; 
Beckman Instruments, Inc.; Royal M« 
Bee Corp. (for Librascope computer 
Respondents that have no organized 
or formal customer training facilit 
but that do have informal programs for 
training technicians at the user site in 
clude: Allis-Chalmers Mfg, Co.; Ben 
son-Lehner Corp.; B-I-F Industries; 
Link Aviation, Inc.; Mason-Nielan 
Div., Worthington Corp.; W. L. Max 
on Corp.; Milton Roy Co.; Panellit, 
Inc. & Panellit Service Corp 
Companies with no formal program, 
but now in the throes of planning onc 
National Cash Register Corp.; Phil 
brick Associates, Inc.; Weston Instru 
ment Corp 
l'o any user that wants more infor 
mation on the training school facilitic 
of the companies listed above, we sug 
gest that it write direct to the firm’s 
lraining Director. If any maker not 
included in our survey would like Con 
rROL ENGINEERING to list its facilities . 
please let Managing Editor Lloyd 
Slater know by letter. He will then 
send you a formal questionnaire. And 
if enough additional returns are assem 
bled, a tabulation, similar to the one 
on pages 56-57, may be mace in a fu 
ture issue.-—THE EDITORS 
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Power “ype 
RESISTORS 
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The Ohmite line of specialized CORRIB and POWR-RIB resistors 
solves your high-current, low-resistance problems. The four 
basic types of Ohmite units (shown below) handle a wide range 


of special power resistor needs. They are designed for con- 
tinuous or intermittent duty and provide dependability for 


* . 
heavy-duty applications. Available in Fixed or Adjustable 
applic ations — nerd, genic 
IN STOCK—22 Corrib Resistance Values in 300 Watt Size 
(Core 812" x 1%”). 


IN STOCK—26 Powr-Rib Resistance Values in 5 Section Size 
(17%” long). 





Write for Bulletin 144 





Be Right wth CO) NI a se 


OHMITE MANUFACTURING COMPANY, 3674 Howard Street, Skokie, Illinois (Suburb of Chicego! TANTALUM CAPACITORS 











NOW-sol/lve your 
data-processing 
problem with 

a proven system 


OF it Ol ad delet -t-t-jiale| 


MilliSADIC Systems are rap 
idly paying for themselves by 
speeding data reduction at 
eugine-test facilities, missile 
telemetering stations and data 
processing centers everywhere 
Names of users are available on 
request, The complete Milli 
SADIC System consists of (1) 
D-C Amplifier, Time Accumu 
lator, Control Unit, Analog-to 
Disital Converter, Commutator; 
(2) Digital Tape Storage Unit; 
and (3) Storage Register (rape 
to-card converter) 


Consolidated Electrodynamics 


NATIONWIDE COMPANY-OWNED SALES &€ SERVICE OFFICES 
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(ADVERTISEMENT ) 























Custom-engineered for specific dynamic or quasi-static data- 
processing applications, Consolidated’s MilliSADIC Systems 
are in production and already in service throughout the coun- 
try. You get proven dependability as well as maximum flexi- 


bility with MilliSADIC. 


FACTS YOU SHOULD KNOW 


Tailored to your particular system input and output requirements, 
CEC’s MilliSADIC System provides accuracy of .15% from com- 
mutator input to digital output... analog-to-digital conversion 
speeds of up to 1500 samples per second on a single-channel basis, 


and up to 400 channels per second on a commutated basis 


The MilliSADIC can accept commutated pulse 


INPUTS 


receivers or tape playback equipment. It provides direct PDM-to 


duration-modulated input from either telemetry 


digital conversion without intermediate PDM-to-voltage conver 
sion, and also provides frame recognition. The need for PDM 
demodulation equipment ts eliminated, accuracy is improv ed, and 


over-all cost is reduced 


Standard MilliSADIC Systems can be provided 


with outputs in the form of punched cards, or in 


OUTPUTS 


the form of digital recording on magnetic tape for insertion into 


digital computers 


For more complete information, please write 
/ 


for MUMSA DIC Bulletin CLC 3003-X6 


300 North Sierra Madre Villa, Pasadena, California 








BOB JEFFRIES 


a catalyst for training 


Robert Joseph Jeffries is never completely happy 
unless he’s doing at least six things at once. In his 
15 years as an educator and consultant he has tackled 
control field projects ranging from motor control 
through aeronautics to navigation and human engi 
neecring—often keeping to a schedule that would 
shame an election-year campaigner. <A typical Jef 
fries’ week: teaching at Michigan State, editing the 
ISA Journal in Pittsburgh, serving on a national 
committee in Washington, and spending a day each 
with clients in Chicago and Detroit 

‘Today, as assistant to the president of Daystrom, 
Inc., Jeffries still maintains his wonderfully varied, 
back-breaking pace. Catch him for a few minutes 
between flights and he'll enthusiastically tell you 
why. “I’m a flying catalyst. People are the most 
important ingredient in the future of our comany 
—and our technology. I’m making it my business 
to activate this ingredient—to launch and catalvzc 
programs for training and developing the potentials 
of people. A catalyst has to be where the reactions 
are—not on a nice quiet shelf.” (Ed. note: Jeff then 
stayed on the ground long enough to give us his views 
on educational needs—see Editorial, page 61.) 


Start of the reaction 


Bob Jeffries’ career as a control catalyst began with 
xk and MS degrees from the University of Connec 
ticut, which he sought with funds earned as a sur 
veyor of the “fine terrain” of his native Connecticut, 
as a teacher of motor control and electronics, and as 
a summer employee of Pratt & Whitney. During 
the era of the V1’s and V2’s Jeff was at Langley 
Hield with the NACA working on the development 
of its prototype missile tracking system and teaching 
extension engineering courses at nearby University 
of Virginia. In '48 Jeffries was awarded his doc 
torate in engineering by Johns Hopkins, where he 
taught electrical engineering and participated in a 
pioneer study of human dynamics in control—a sub 
ject which later became known as “human engi 
neering”. In the fall of 48 he went down to North 
Carolina State College, where he directed a pilot 
research installation of a long-range navigational sys 
tem and taught automatic control (using the new 
Brown and Campbell text ) 

In 1953, during his fourth year as an associate 
professor of electrical engineering at Michigan State 
specializing in automatic control, Jeffries, then chair 
























































A CONTROL 
PERSONALITY 


In a press conference prior to the recent ISA national meeting 
Jeff, flanked by other leaders in his field | mnounces the 
establishment of a Foundation for Instrumentation, Education & 
Research by the Society (see page 61 


man of the ISA Education Committee, organized the 
first national industry-government-university meeting 
devotcd to educational problems posed by the new 
technology. Meanwhile he was editing the newh 
founded ISA Journal and squeezing out hours for 
consulting to industry on problems of control, system 
design, and education. Soon he and two associates 
formalized their consulting practice in Educational 
& ‘Technical Consultants, Inc.—a service which draws 
on the talents of specialists in 73 college One of 
his clients, Schlumberger Well Surveying Corp., 
took a cue from his report and formed Schlumberger 
Instrument Co., bringing in Jeff as technical plan 
ning advisor to President Henri-Georges Doll (CtE, 
Dec. 55, p 15) Upon completi g hi pha e of the 
work last spring he went to Daystrom as assistant 
to President Thomas Roy Jone 

\t 33, Bob Jeffries is only at the start of a remark 
able career, but he sees no reason to pace himself 
‘Education is a long-term, continuing proposition,’ 
he reminds us, “but it never gets off the ground with 
out dedicated effort.” Jeff's attractive wife Anna and 
his two children have grown to accept his time 
away from home that such dedication requires 
“But,” savs Anna philosophically I'm looking for 
ward to the day when Jeff becomes president of ISA 
(now president-elect secretary, he'll be president in 
1957-8) because I will then at least be able to keep 
up with his activities through the ISA Journal 


*1. to r: John Johnston, du Pont; John Ragazzini, Columbia U 
Klmer Engstrom, RCA; Robert She Mi Kk 
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How to get 
reliability 


Got the automation jitters?...worried about turning 
complex manufacturing operations over to an “electronic 


brain” ?... worried about what can happen when 


one component in the control system fails?... 


Reliability takes on a new and different meaning 
as American industry becomes more and more 


automated, Here are a few thoughts on the importance 


All of us are going to have to pay more atten- 
tion to “reliability.” 





We'll have to pay more attention to individual “devices” 
within a system. 


We'll have to guard ourselves carefully when we design 
the entire system. 


The industrial pendulum is swinging more and more 
toward automatic controls, servo-mechanisms, computers, 
and automatic “watchers,” As it does, the reliability factor 
becomes more and more important. Let’s see why. For 
example, you probably have three radios at home. If one 
fails because a soldered joint comes apart, your home life 
is probably not disrupted to any alarming degree. But... 
consider the automatically controlled steel mill. One 
soldered joint failing, unless all controls are installed in 
duplicate (which is expensive) could tie up the entire pro- 
duction process for valuable minutes, if the maintenance 
crew has second sight. For hours, if automatic trouble- 
indicating and locating systems are not installed (and these 
are expensive, too), Last, but not least, lend a thought to 
the dependence of guided missiles and man-made satellites 
upon the reliability of electronic circuits and components. 
So... let’s start to examine “reliability.” Let’s begin by 
looking at this definition which is currently popular in 
the technical field: 


The reliability of a particular component or sys- 
tem of components is the probability that it will 
do what it is supposed to do under operating condi- 
tions for a specified operating time. 


Now ...this is a relatively well-accepted definition, and 
it offers the key to the problem of coping with failure con- 
trol. Take the word “probability” in this definition, Let’s 
discuss its implication. 
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of reliability and how it can be controlled. 
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Many of today’s systems, simple or complex, are a chain 
of components. So picture a system as a chain with its 
successive links. In the field of statistics the over-all reli- 
ability of the chain is the mathematical product of the 
reliabilities of the individual links... 


Overall Reliability, Ru=r, x ry x 1.6.7, 


Now, let’s consider a system made up of 100 different 
components, each of which has a reliability of 99%, In 
applying the formula, multiplication of .99 by itself 100 
times gives an over-all reliability for the system of only 
36.5%. Two out of three systems you have put together 
will probably fail! 


Cannon becomes involved with this problem because 
our main business is making electric connectors. So, let’s 
look at the following chart that covers contact reliabilities 
and reliability of the assembly in which they are mounted. 


Assembly reliability dependent upon number of contacts 
I . 
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Contact population 
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Percentage of assemblies 
having one or more defective contacts 
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This chart illustrates the reliability of four connectors 
having 15, 25, 37 and 50 contacts respectively. As an 
example, assume that the contacts have a contact popula- 
tion of 1% defective (1 in 100 defective ... this percentage 
is considered a fairly high standard in most elds) . On 
the 15-contact assembly, we find from our chart that 14% 
of the connector assemblies would have one or more defec- 
tive contacts! With 25 contacts, 22% would have one or 
more defective contacts. With 50 contacts, 414%4%...is 
your hair starting to curl? Obviously, a 99% contact reli- 
ability standard for guided missile components is abso- 
lutely unacceptable. And, in between the simplest system 
and that of a guided missile, are hundreds of assemblies 
and systems whose reliability factors must be analyzed with 
ulmost care, 


But all is not lost! There’s another side to the picture. 
‘vith proper care, analysis, and control, our Cannon organ- 
ization has actually achieved, in special “missile quality” 
contacts, a known level of only 2.85 x 10°-°% defective... 
only 1 part in 35,000! Naturally, we don’t achieve that with 
all our contacts... but we do try to design and manufacture 
the utmost in reliability required for specific applications. 


We have pictured this chart to show the direction we 
must all take, whether we’re talking about connectors, other 
components, or systems. It boils down to two steps... 


* The number (n) of components must be kept low 
. . simplicity. 
* The level of component reliability must constantly 
be improved ... hard work for all of us. 


Now ...if we refer to our reliability definition on the 
previous page we note the phrase “do what it is supposed 
to do.” So be sure you define these objectives for your 
component assembly, or system... failure to do so carefully 
can cause undue failure or the expenditure of unnecessary 
dollars for needless, excessively-reliable parts or design. 


Further on in the same definition, we note the words 
“operating conditions.” This brings up many new points 
for consideration. Here we are concerned with such things 
as temperature, pressure, humidity, corrosive atmosphere, 
stray electric and magnetic fields, low and high frequency 
noise, shock and vibration. Do your design standards need 
upgrading? Are your components designed and then tested 
to meet the operating conditions you specify...or are 
they designed to meet “average” conditions? Are you 
using adequate “safety factors”? 


In a simple component, manufacturers have always 
looked for, recognized, and corrected faults when they 
occurred, We use component quality control to achieve 
and maintain Cannon’s world famous product quality. But 
in complex systems such component quality control is not 
enough. Actually ... 


Reliability control over the system is needed. \t should be 
all-encompassing. When you get right down to it, reliability 
is the product of procedures, equipment, and people...in 
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the design, manufacture, testing, control of quality, trans- 
portation, and use of products or systems. 


Do you have a reliability control system ? 


Here are a few of the steps that are needed to get a 
reliability control system operating : 

I. Determine Your Requirements. Specify the environ- 
ment, operating time, performance limits, and the percent 
of reliability required. Allow an adequate safety factor 
keeping in mind the end use of the finished product. 
2. Collect Reliability Data, Set up facilities for the con- 
tinuous accumulation of data on component or system 
failures and their causes. 
3. Establish quality control and test procedures which 
show high degree of correlation with end-use conditions, 
4. Analyse. Determine if reliability requirements are being 
met. Establish the most important causes of failure by 
analyzing the data you collect. 
5. Improve. Take action to eliminate the most important 
defects or causes of failure. Reduce the failure rate to the 
required level. 
6. Maintain Continuous Vigilance. You have empha- 
sized system design... you have used statistical analysis of 
failures...now exert continuous and critical control to be 
sure your “improvements” actually improve reliability. 
Examine new and unforeseen failure sources, Review and 
modify your requirements with changing conditions. 

* 

We at Cannon Electric are proud of our historical empha- 
sis on quality and reliability. Since 1915 we have adhered 
to a design philosophy embracing the highest quality and 
reliability in each and every Cannon Plug for the specific 
application for which it is to be used. /f we can’t design to 
that principle, we don’t make it! \n manufacture, we are 
proud of our know-how in depth, proud of our fine quality 
control systems, proud of our personnel and proud of our 
reliability control group. 

Whenever you have an electric connector reliability 
problem...in design, engineering, production, or prototype 
phases...we would appreciate the opportunity of discuss- 
ing it with you. 


Cordially, 


7 2} (_— President 


Cannon Execraic Company 
3208 Humboldt St., Los Angeles 31, California 
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U.S. Steps Up Its Technician: Engineer Ratio 


> through society activities 
> by emphasis in schools 
> with more manufacturer training 


The graph above* dramatizes an 
aspect of engineering manpower that 
is often overlooked in today’s fren 
zied search for qualified engineers 
the importance of the qualified tech 
nician in backing up the engineer 
and thus contributing to the solution 
of the current “shortage”. 

Study the graph and see what is 
happening to the technician gap in 
the United States’ most important 
engineering competitor. Since 1952 
the Soviet Union, observing a de 
cline in its technicians due to empha 
professional education, has 
put steam imto a program for getting 
more graduates from its “techni 
cums”, or semi-professional schools 
The goal set for '55—a 35 percent 
increase in technicians over the 1950 
level—was exceeded, and it is now 
estimated that Russia’s 3,500 techni 
cums are turning out close to 1 mil 
lion vocationally trained people each 
year. ‘The dashed red line in the 
graph indicates roughly 100,000 tech 
nicum graduates in 1956, but it cov 
ers only the engineering technicians 


son 


*SOURCES 

On engineering and Soviet technicum graduates 
estimates from Nicholas De Witt, Soviet Pro 

fessional Manpower; on VU. S. technical school 

graduates—Annual Surveys of Technical Insti 

tutes, Rochester Institute of Technology 
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turned out by these schools. The 
dashed black line for the U. S., how 
ever, represents the enrollments in 69 
technical institutes and includes all 
types of vocational training 


The optimum ratio 


\n important key to its attitude 
toward technician training lies in 
what Russia calls its optimum ratio 
between semi-professionals and pro 
fessionals. In pre-war days the ratio 
was less than a desired 2:1. and de 
clined by 1950 to only 1.3 technicians 
to back up each engineer. ‘Today the 
aim in Russia’s automatic control 
field is four technicians for cach pro 
fessional engineer—and all signs point 
to fulfillment of this aim 

Many American industrial firms 
are also aware of this need for an 
optimum ratio between technicians 
and engineers. E. Allan Williford, 
president of Link Aviation, says, “We 
have approximately 120 graduate en- 
gineers at Link. We also have about 
160 trained technicians, not nearly 
enough. We probably should have a 
ratio of at least three technicians to 
every engineer. Any lower ratio 
simply means that we're not getting 
maximum value from ou 

” Some other ratios 


cngimecrs 


> Westinghouse Electric, Air Arm 
Div.—two 
nce! 

Standard Oil of Indiana—|] 
technicians for each enginee1 

» U.S. Steel Co., American Bridge 
Div.—800 technicians, 700 engineer 

Not all companies, however, match 
the ratios above. A survey by th 
Engineering Manpower Commission 
of 18 oil and chemical companies, 
for example, showed an average 0.9 
technicians per chemical engineer 


technicians to one engi 


Why stress the ratio? 


As Bob Jeffries impli 


in hi pucst 


editorial on page 61, a lack of empha 
sis in training technicians for auto 


matic control can result in two thing 
l—Our dedicated efforts to put 

automatic control in American in 

dustry can come to a grinding halt 


technicians are needed to keep op 


crating -what is placed in the field 
it is as simple as that 

Our so-called enginecring man 
power shortage will never be solved 


without technicians 
neers will bog down in a mass of 
routine, time-consuming operational 
and design details. 
It is the second point that is start 
Continued on pag 
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HOW THE U.S. IS DOING IT IN THE CONTROL FIELD... 
.. Through society activity 


Che picture on the right records a historical moment in 
technical society efforts toward solving the trained man 
power shortage in the field of automatic control. Dr 
Bob Jeffries (see Control Personality, page 15, to identify 
his colleagues) is announcing, at a press meeting prior to the 
recent ISA Show, that the society has established a non 
profit Foundation for Instrumentation Education & Re 
search. Launched with an initial grant of $40,000, th 
Foundation will give speciic attention to: a) traming 
industry and its personnel in fundamentals; b) updating 
schools and colleges; c) attracting young people into the 
field; d) translating research findings into industrial 
language and practice. For more on technical societs 
ictivities in helping to tep up the technician engineer 


raulo SI ] PAGE 20 





... By emphasis in schools 


On the far right Sperry Gyroscope’s chief engineer, D1 
Lisle L. Wheeler, briefs Philip Becker (left), assistant 
superintendent of New York City schools, and William 
Kenninger, chief of New York State’s technical and voca 
tional education, on the problems in maintaining auto 
matic compass equipment in cold weather Ihe 
demonstration, which took place on Oct. 16, was part of 
a day-long discussion between educators and Sperry 
executives to determine how state and city high schools 
might revise courses to meet industry’s expanding needs 
for technicians. Similar mectings have been held in the 
past by the New York educators with local industry (ix 

Bell ‘Telephone, Western Electric, IBM) to assay the 
special skills required to equip young people for the job 
of maintaining and operating automatic systems. For 


more SEE PAGE 28 


_..With more manufacturer training 


Pictured above are facilities of three the digital intricacies of the equip 1 unique menon, unmatched 
of the 33 control manufacturer train ment manufactured by this Bur inywhere el n the world. ‘To in 
img schools described in detail in thi roughs Corp. division The latter dustr choo ich year come young 
month’s Industry Pulse (sec page 55 locale: Pasadena, Calif technicians fro India, free China 
On the left are part of the sizable As Pulse this month indicates, the Peru, and | ind close to 
bench equipment in Minneapoli locales for these training centers for 100,000 Ame n control trainec 3 
Iloneywell’s long established (2 control are as wide pre id as the con I hi up hot | dynam. educational 
veal industrial mstrument traming trol manufacturing industry itself. In program—born t considerable ex 
chool in Philadelphia. In the cen ilmost all cases the tuition is free pense by the control maker that un 
ter, military technicians are im ind all that a control-user compan doubtedly accounts for the rather 
structed in the operation of Reeves need do to enter a selected man 1 unbelie at ependen that in 
Instrument Corp. analog computing vrite a letter. A short plane ride, a dustry already has on measuring in 
equipment in the New York school week or two away, and your man strument itomatic control devices 
rooms of Dynamics Corp. of America mes home-——trained for hi job. ind tems , lose up on how 
On the right an ElectroData instruc ree training by American industry the contr ikers will train your 
tor takes a group of “students” into particularly in the control field—is technician 
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ultra- 
sensitive 


relays 


eliminate need for vacuum tubesin 


BARBER 
COLMAN 





many electronic, servomechanical 
and photoelectric circuits 


s3.in sensitivities ranging | 
from 40 microwatts to | milliwatt | 


Ideal for hundreds of industrial 
applications, Barber-Colman 
“Micro-positioner” d-c polarized 
relays are extremely sensitive, 
stable, and vibration resistant. 
High-speed response-—can be op- 
erated in excess of 100 eps. Avail- 
able in a wide range of coils, 
enclosures and mounting details. 
Extensively used in balance-de- 
tecting bridge circuits and as plate 
current relays in electronic appli- 
cations. 


Write today for Bulletin F3961- 6 


Barber-Colman Company | 
Dept. L, 1448 Rock St., Rockford, Illinois 
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WHAT’S NEW 


ing to preoccupy today’s engineering 
manager and may be the real prime 
mover for getting technician training 
in the U. S. well off the ground. 
Bidding next June for an estimated 
23,000 engineering graduates will be 
over 5,000 companies—which means 
that less than five new recruits will be 
available per firm. Yet most expand 
ing industrial firms today claim they 
need new engineers by the 
even hundreds. An answer, they arc 
finding, is to use the trained techni 
cian for staft cnginecering job 
and to upgrade him, if necessary, to 
full engineer status. ‘This i 
industrial recruiters to include tech 
nical institutes in their itineraries and 
is causing companies like Carbide & 
Carbon (see page 65 


sCOTCS, 


SOTTC 


Causing 


to emphasize 


the engineering apprentice approach 


In ISA Session 

on manpower training 
Paul Huss, University 
of Akron, claimed 
that enrollment 

in “secondary school 
technical courses 

is on downgrade. 


in its on-the-job training program 


Organized ratio boosters 
Lhough it lags notoriously right 
now, the U. §S. has high hopes for 
matching and besting the Soviet 
Union’s remarkable technician train 
ing program. For both bank 
heavily on formal schooling plus some 
on-job training, the U. S. has in addi 
other 
engineering 


while 


tion to these sources, two 
prine-movers l the 
with their focus on lower 
education; 2) the 


manufacturers, with their free 


ocieties, 
echelon product 
chools 
for training customer technician 

Ihe next five pages of What's New 
iter a current glimpse of some of 
these forces at work im the training 
of American technicians for control 


ISA Works for Technicians 


Progress in product and techniqui 
may have been the theme at the r 
cent 11th annual Instrument Society 
of America conclave (see November 
issue, pp. 25-40), but there was one 
problem in the minds of the member 
ship that threatened to overshadow it 
the problem of producing the properly 
qualified technicians needed to service 
and run the new installations 

The problem did not simply feste: 
in the minds of ISA members, how 
ever. They did something about it 
Besides conducting training clini 
(CtE, Nov., pp. 38-39), the ISA 
P announced an Education Founda 
tion with funds to attack the techni- 
cian shortage problem 
> conducted a symposium on ways 
and means to increase the training of 
manpower in instrumentation 


(see page 6] ) 


P held an Education Committee meet 
ing on the day following the sympo 
ium to mull over possible action based 
on what was learned 
© cooperated with ENGI 
NEERING in a display of work being 
done in the control field by eight edu 
cation institutions 

Ihe ISA’s new Foundation for Edu 
cation & Research will function as a 
separate corporation under the ' direc 
tion of a board of trustees drawn from 
industry, government, and education 
While its initial grant of $40,000 i 
from the society itself, it hopes to be 
financed through funds supplied by 
individuals, other technical associa 
tions, and industrial contributors. It 
will be housed at first in the ISA head 
quarters in Pittsburgh. Bill Kushnick 


will serve as executive director (a post 


CONTRO! 








The 401 is so dependabl& 
backing it with a five year guarantee 
on all printed wiring and power transformers 
.. and, all other components, including 
the cathode-ray tube, carry a 
full one-year guarantee. 





@ \DENTICAL X- AND Y- AMPLIFIERS: Sensitivity, Best buy in the medium price 
10 mv/cm. Sinewave response extends flat from F , , a 
de to 150 ke. Calibration standards built-in range—a general-purpose, low-frequency 


for both amplifiers. oscillograph for complete, high-quality 
@ SWEEPS: 18 calibrated ranges extending from ce ih pe 
50 ms/cm to 4 us/cm. 3 times sweep quantitative measurement. The 401 offers a new 


expansion available. high in precision, ease of operation and 
@ RELATIVE PHASE SHIFT BETWEEN AMPLIFIERS: Be ae? : it of “hum: 
Easily set for less than 1° at frequencies convenience as a result O uman 


@ below 160 he. engineering”—an exclusive of the Du Mont 
CATHODE-RAY TUBE: Tight tolerance Type SADP., : ; 
operated at 3000 volts acceleration. 400 philosophy of instrument design. 


@ STABLE OPERATION: Regulation of all power supply 


potentials, including heaters, provides WRITE POR DETAILS. $420.00 
complete stability. 


(slightly higher fer 50-cycle orees) 


TECHNICAL SALES DEPARTMENT, ALLEN B. DU MONT LABORATORIES, INC. - CLIFTON, W. J. 
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The Great Hays 
"*Old-Orsat Hunt"’ 


Every now and then our 
service engineers report 
coming across one of our 
old Hays hand-operated 
Orsats that’s a real Rip van Winkle, still 
going strong after a couple of decades of 
loyal service. All of which has started us 
wondering . . . just how old 1s the oldest 
Orsat still in use ? To settle this burning 
question once and for all, our board of 
directors voted, in a moment of madness, 
to offer a $10 award to the owner of the 
oldest currently operating Orsat. While 
the great Hays ‘‘Old-Orsat Hunt’’ may 
not match the TV giveaways in glamor, 
it does have these distinct advantages 
(1) our contest is a lot easier (all you 
have to do is read your Orsat serial 
number and mail to me); (2) it definitely 
will not put you in a higher tax bracket 


The Hays hand Orsat, by the way, ana 
lyzes combustion gases for O2, CO» and 
CO content on a selective chemical ab 
sorption basis, Joe Hays, first recognized 
combustion engineer and founder of The 
Hays Corporation, used it forty years ago 
in his Combustion Efficiency Crusade 
However, this rugged unit still affords 
the cheapest, most flexible quick-check 
method of combustion testing. No such 
process should be operated without one. 
We have 82 different models from which 
to choose . . . we'd be happy to send you 
our bulletin detailing these Orsats. 


On keeping it simple 

One thing most well-engineered prod- 
ucts have in common is simplicity. In the 
Hays Flow Meter, the challenge of keep- 
ing it simple has, we think, been pretty 
well met. It uses the Hays-developed 
differential transformer transmission sys 


THE HAYS CORPORATION 
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RAMBLINGS On Qa 
INSTRUMENTATION 








tem, an idea recently ‘‘liberated” from 
an obscurity it never deserved. There are 
only three (count ‘em ) transmission wires. 
The transmitter uses no mercury —quite 
a savings if you've priced mercury lately 
—and is available in an explosion proof 
version. One of the first commercially suc- 
cessful continuous integrators 18 employed 
in the recorder 
“TRANSMITTER 


SENDING 
Oven -Pasesy a8 Dirrteentiac 


Pasreeven TRANSFORMER 


‘ 
a oes 
Racesvine Dire Tangs. 
OB foe pene AY 8 
arc) 


‘Receiver 












































“Pew Moror. 


A catalog on this instrument can be on 
your desk in three days. Try us 


An orchid for Judd 


It was mighty pleasant news here at Hays 
that Judd Vollbrecht has been elected 
president of the ISA for 1956-57. Among 
the roster of Hays sales representatives, 
Judd’s name, like Abou ben Adhem’'s, leads 
all the rest in both years of service and 
instrumentation savvy. He is one of the 
real deans of the industry and his selection 
to preside over the Society is a well- 


deserved tribute. 
( ) C 
i@ f. wn | 
) 


Executive Vice President 


* MICHIGAN CITY, INDIANA 





| training courses 


{ 





| WHAT’S NEW 


he now holds, and will continue to 


hold in ISA) 
At the symposium 


Four of the five papers offered dur 
ing the special Education Symposium 
on Tuesday, Sept. 18, concentrated on 
the problem of developing instrument 
and control technicians. Voxboro’s 
W. H. Furry complained that instru 
ment technicians are 
gorized with bricklayers and carpen 
ters—almost invariably 
frequently by management 


too often cate 


unions and 


He called 


by 


for abolishment of the term “instru 
ment mechanic” and said that the 
status of technicians could be raised 


by placing them on salary and thereby 


emoving them from union jurisdic 
ion, The body of his talk was about 
technician training, which he wants 
formalized. His three part method 


learning the why of instrument op 
eration; showing the man what to do 
ind how to do it; making him practice 
until management is sure he can do it 

Paul Huss of the of 
Akron gave an impassioned plea for 
more emphasis on the role of the se 
ondary school in expanding technical 
He felt that the 
ties were being stressed too much and 
that interest 
ence-aud-mathematics could 
stimulated such things as 
science films at the junior high level 
He 
who could becom good cngimecers OF 
technicians” but was “opposed to 
regimentation”’ Mr. Hu didn't 
juite tell the audience how to do the 


University 


manpowe! humani 


more on a broader sci 


ba »¢ he 
by good 


advocated “‘pushing the peopk 


necessary pushing 


Chapter activities 


The final paper in the Education 
Symposium by A. ‘IT. Sherman of 
du Pont, dealt with Instrument 


Courses Sponsored by ISA Chapters 
and Instrument Manufacturers’. Sher 
man briefly discussed the results of a 
survey that went to 57 instrument 
makers and the 76 ISA chapters. Of 
20 chapters replying, eight had a pro 
gram of sort—cither 
and run by the chapter, o1 
a local university. 

The good work that ISA chapter 
are performing in training technicians 
has been reported before. In 1954 
R. J. McCausey of Detroit Edison 


organized 


taught at 


Some 


|found that 10 chapters conducted 37 


ind 
indi 


ind "53, 
596 


jos 
in °52 
that these were attended by 


viduals, One of the best organized of 
these courses was run by the Boston 


Section. It was advertised as an “in 
strument technician refresher course,’ 








now al / E 1000 


MODEL 1000S — Automatic 
wide-range electronic regula- 
tion with the original Sorensen 
frequency insensitive circuit in- 
corporating the safety diode. 
Regulation +0.1%. 


MODEL MA1000S — For un- 
attended installations requir- 
ing extremely dependable 
automatic line regulation. 
This tubeless unit offers stable 
long-life performance with 
minimum maintenance. Regu- 
lation +0.5% over wide fre- 
quency range. 


*plus TWO new 
1000VA regulated 
Frequency Chang- 
ers... write for 
details! 


SORENSEN & COMPANY, 


in Evrope, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment. 











MODEL D1200SAN 


if you want 1000VA capacity in a low-cost mag- 
netic voltage regulator with 0.5% regulation, 
choose the new, economical and compact 
MVR1000. If you need 1000VA but with 0.01% 
regulation, choose Model 1001. For any require- 
ment, any application, Sorensen has exactly the 
right 1000VA unit . . . standard models meeting 
special requirements. 


Sorensen offers you the widest possible range of 
characteristics — and a complete line which in- 
cludes AC regulators, DC supplies, frequency 
changers, tubeless regulators and supplies, high 
voltage supplies, and meter calibrators. For 
research and industry, call on Sorensen — the 
authority on controlled power. 


SEND FOR CONDENSED CATALOG 





375 FAIRFIELD AVENUE, 


VA REGUL 


STAMFORD, 






as 
‘ 


MODEL 1001 


from unique, dependable 


Developed 


Sorensen regulating circull, 


refined for ultra-precise 
+0 01% regulation 
MODEL DI2Z200SAN 
+0 25% regulation for 400 
cycle industrial and aircroft 


requirements up to 1200VA 


MODEL MVR1000 


cost compact magnetic voltage 


New low 


regulator for less exacting 
applications. Fully avtomotic 
*05% regulation with fast 


response time 
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The January 1957 issue of TECHNIQUE commences volume 
eleven of our journal of instrument engineering, and includes 
the following articles: 

‘*The New Portable Picture Transmitter (D-77<. . 

“The Use of Magslips in the 


”” 


Absorption Spectra’’. 


Recording of Infra-Red 


Every quarter, TECHNIQUE brings to its readers interesting 
and informative articles on Muirhead precision electrical 


instruments and how they are serving in the fields of 


research, industry and education. Maybe some of these 
applications provide the answers to your own problems. 
We shall be pleased to mail copies to your address regularly. 


The scope of TECHNIQUE is reflected in the diversity of its 
cover illustrations. The cover of this issue depicts an essential 
component of our complete range of Synchro Test Gear. 


MUIRHEAD INSTRUMENTS INC. - 677 Fifth Ave. - New York 22 - 
MUIRHEAD INSTRUMENTS LIMITED STRATFORD 
BECKENHAM 


LAs 
ONTARIO 
KENT 


* USA. 
CANADA 
ENGLAND 






MUIRHEAD & CO. LIMITED 
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WHAT’S NEW 


hour pel 


ran for five weeks (24 
and cost $3. A total of 82 
and as a result of enthusiastic 
to its questionnaire, similar courses 
became standard activity for the Bos 


ton Section 


WCCK 
attended, 
answe's 


University activities 

iKducational activities at the colleg« 
level were brought out during the ISA 
show in a special exhibit (see picture 
below) of instrument and control dé 
velopment projects in eight eastern 
universities cosponsored by Conrrot 


THE UNIVERSITY 


EXHIBITS 





Penn State 


IN INSTRUMENTA’ 
A 





Cornell 




















Double- duty with a single pilot 
-only leslie Duo-matie does it 


iN fenperr a 







The Duo-matie Leslie temperature regulator for controlling 
steam flow is a single unit, with a single internal pilot valve 
yet it controls automatically both temperature and pressure 
conditions. No hunting or cycling on low flows. . . eliminates 
temperature “droop” on heavy loads. 


Simplified piping and better control of fuel oil heaters, 
instantaneous and storage type heaters, driers, process heat 
ers, kettles, open tanks, ovens, degreasing machines, steam 
tables, sterilizers, etc., more than offset the initial cost of this 
superior regulator. 


Investigate “dual-function” Duo-matic regulators — proven 
in service for over 19 years of applications. 


Write for Bulletin 5307 








ae 
This is it! 














Leslie Class LTCO Duo-matic tem- 
perature and pressure regulator 


REGULATORS ano CONTROLLERS 


LESLIE CO., 211 





GRANT AVENUE, LYNDHURST, NEW JERSEY 
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High speed polar relays for telegraph use and 
other data handling applications have their work 


all cut out for them, in the form of little pulses 


that it be possible to do something about it. We 
seem to have gotten the first part” pretty well 


in hand, and now have something to say about 


who confidently expect to go in and come out of rummaging around inside a pulse relay to find 


the relay looking like better little pulses out why an unpleasant case of distortion has 
already developed, or to forestall it b 


j y “preven 
eee Oe Ge es i tive maintenance.” To get technical, the logical 


course is to investigate some or all of the follow- 
“or come out taller than they went in 


Jesse 


Sometimes as many as 500 of them show up at 


ing: Operating values (by manual and automatic 
means), bias, percent-break, and insulation of 
the relay, and then proceed with the necessary 


adjustments or repairs 


Since by now the unmistakable impression has 
the relay in the space of one second, all wanting 


been given that we know what the 
efficient accommodation. This of course requires Ae 
relay user should do, it follows 


that (1) the relay be pretty good in the first if 
y that we should also say how ( “Xe 
O 
” ath 2 ~ 


place, and (2) as time goes on and even the best 
Without expecting to 

relay begins doing strange things to the pulses, 
surprise anyone, then, we hereby announce the 
development and availability (soon) of the Model 
4501 Telegraph Relay Test Set. On a standard 


relay rack panel 5-1/4" high, it looks like this 


and will 


Measure the five characteristics previously mentioned, making 
use of any or all of the operating coils of Sigma Series 72 and 7 


WE 255A and 215, and similar relays 


Permit connection of an external drive directly on relay coils 
and an external ‘scope for observation of contact performanc« 


during bias and percent. break tests 


It may be mounted in either a standard relay rack or in its own case 


The Test Set is by no means the only one on the market, nor do you have to 
have one simply because you own some of our 72's (development of the Test Set 


resulted from customer request). It will, however, make the most of the 72's built 
in adjustability, and probably prove useful for other relays for which there is no 
suitable test equipment. With the 4501, besides a case and octal socket adapter, 
you also get a comprehensive instruction manual, which describes in detail the 


theory and operation of the Test Set. Other socket adapters are available 


SIGMA INSTRUMENTS, INC. 


69 Pearl St.. So. Braintree, Boston 85, Mass. 


* FAMOUS GIGMA 
eenies 7a 


26 CONTROL ENGINEERING 


Princeton 


and ISA 
graduate 


Manning th 
tudent ind 


I. NGINEERIN( 
exhibits were 
faculty members associated with the 
conception and design of the prot 
type systems on display (see Cth, Sept 
1956, pp 185-192, for details on som 
of the projects ) 

Kight of the faculty members con 
nected with the exhibit 
page) met in a formal session Tuc 
day morning, Sept. 15, to discuss their 
respective projects and educational 
programs in control. Managing F.di 
tor Llovd Slater, who served 


pi ture next 



















HiGHer reliability 


LOWer maintenance 


ELeEcTROSYN 


indicating, measuring, recording 


SYSTEM 


° im © 


ElectroSyn is a highly flexible, extremely rugged 
electro-magnetic system for a wide range of applica 
tions in the chemical processing, atomic power, 
natural gas and petroleum transmission fields. It is 
designed to measure, indicate, record (including 
analog to digital conversions), or control 
differential pressure, flow, liquid level 
Basic system comprised of signal transmitter, servo 
amplifier (magnetic), and Null Balance Indicator 
no electron tubes or slide wires 

Leading pipeline companies are currently 
ElectroSyn Systems for remote indi 
handling of pressures and flows. The 
ElectroSyn is especially practical for 





pressure, 
temperature 


using 
ition and data 
point out that 
pipeline com 
pressor station applications because the system can 
withstand a static overload of 300°: of rated pressure 
for a 1‘ zero shift, with a bursting ifety factor of 
ten times rated pressure for 


range ip to 1500 psi 


Complete technical information upon request. 


NORWOOD CONTROLS 


UNIT OF DETROIT CONTROLS CORPORATION 


938 Washington Street - Norwood, Mass. 


CONTROLS 
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WHAT’S NEW 


ISA-McGRAW-HILL 
UNIVERSITY PANEI 


Members, standing 


match this curve Ey OA 
to shaft rotation? 


\ Slocumbe Tufts; H 
The VERNISTAT Adjustable | 


Dimant, Penn State cated 
(1 to r): W. McClintock 
Function Generator will do it | 


RPI; B. McKay, U. of Tenn 
chairman); L. Slater, Contro 


Engineeri ig ecorder 


for you! Here it is: 


The VERNISTAT Adjustable Func- 
tion Generator —a variation of the 
VERNISTAT a.c. potentiometer — 


permits quick and easy alteration of | 
any nonlinear function, The adjust- | 


ing mechanism provides a graphic 
display of the function which may 


be mathematical or empirical, | 


including those with multiple slope 
reversals. 


CHARACTERISTICS: 

* 100-transformer taps connected to 31- 
pole, 100-position printed circuit switch. 
any pole can be switched to any tap. 
size: 644" x 7%" x 2%" 
potential 
+0,5%. 


mininum slope of voltage output curve 
zero 


of each pole adjustable to 


maximum voltage between adjacent 
poles: 12 


frequency rating: 400 or 60 cps @ 130 
volts depending on model 


output impedance: 130 ohms maximum. 


vernistat 
division 
PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 
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corder at this session, reports, “The 
interchange of ideas in this group was 
extremely interesting. Three of the 
men were medical-instrument ori 
ented, three were outright theoretical 
control engineers, and the other two 
dealt in physics and mechanical engi 
neering. Yet all were able to develop 
provocative comments about each 
other's project. For example, Dr. Slo 


cumbe of ‘Tufts became very intrigued 
with Jim Reswick’s tech 
nique for systems analysis and planned 
to team up with Jim in a study of the 
dynamics’ of a rat under automatx 
inesthesia. McClintock of RPI, on 
the other hand, enthusiastically saw 
his time-modulated six-count tape re 
corder as a tool in the servo analysis 
projects at three of the schools.” 


nonupset 


Educators Focus on 
the Technician Shortage 


New York's roving team of educa 


tion administrators, described in a 
visit to Sperry Gyroscope Co. on page 
19, furnishes vivid proof that action 
is accompanying the intense 
searching going on in American public 
school education today. In attempt 
ing to meet industry's plea for morc 
technically trained youngsters, the 
educators find themselves compelled 
to seek answers to the kind of ques 
tions posed by Dorothy Thompson in 
a recent column, Why do, she asked 

P only four percent of American high 
school students — study 


soul 


clementars 
physics? 

P only seven percent study chemistry, 
27 percent algebra, and 13 percent 
geometry? 

P only half our schools offer courses 
in chemistry and physics? 

Nathan Clark, supervisor of tech 
nical subjects, New York City Board 
of Education, and a member of the 
team of visiting educators, feels the 
need for a concerted effort by both 
industry and state and local education 


authorities “There are countless 


American children entering high 
school,” points out Clark, “with IQ’s 
of 105 or over who could make very 
capable technicians or engineers. In 
our vocational program we have found 
we can give these students a full fou 
years of math and four 
ence, Further, our laboratory work 
gets the student’s hands with 
electronic and industrial devices, as 
well as his mind into the basic theory 
behind such equipment. Then when 
the boys and girls graduate they are 
literally conditioned for industry—and 
ire happy and interested in the job: 
they get.””. Mr Clark goes on to point 
out that this “industrial conditioning’ 
is often lacking in technical 
schooling—even colleges. “Why do 50 
percent of graduating engineers drop 
this field in their first five vears out 
in industry?” he asks 

Supervisor Clark is very enthusiastic 
about the New York Board’s program 
of meetings with industry to deter 
mine what the latter needs in the way 
of special training in vocational school 
graduates. In the with 


years of sci 


busy 


most 


get-together 
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7 Untransistorized Digital Differential Analyzer? 


THE ABACUS has qualities much sought after in today’s qualitie s found in the unique electronic digital computa 
electronic computers: ease and reliability of operation tion equipment created by Litton Industrie The military 


low investment, and minimal maintenance. These are and industrial applications for this equipment are many 


LITTON INDUSTRIES BEVERLY WILLS, CALIPOUNTA 


Plants and Laborateries in California, Maryland, Indiana and New York 


DIGITAL COMPUTERS AND CONTROLS RADAR AND COUNTERMEASURES INERTIAL CUIDANCE MICROWAVE POWER TURE 
PRECISION COMPONENTS AUTOMATIC DATA PROCESSING SYSTEMS SERVOMECTIANISMS race IMULATION BESRARCH 
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PRESSURE TRANSDUCERS 
derigued sheeifically 


for VANGUARD 


EARTH SATELLITE VEHICLE 


UDMH, and other corrosive 
fuels and oxidants; at tem- 
peratures up to 500°F. 


These instruments are avail- 
able in ranges from 10 PSI 
to 2500 PSI, in absolute or 
differential configurations. 


RAHM INSTRUMENTS INC. 
237 Lafayette Street, New York 12, N. Y. 
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Sper for cexampk 

Sperry technicians at work 

ome mild adjustments in the cours 
offered in five New York technical 
high schools. After it reviews the 
gested adjustments, thi 

confer with Sperry again 


Stepping up training 
New York City, advises Clark 


now embarked on a stepped-up plan 
for technical education We ar 
working out better ways to select stu 
dents and are determining what 
schools can best be set up for tech 
nical education.” But city program 
irc. «relatively easy, he comment 
Other, smaller communities have a 
great problem in getting the necessar 
funds to train or hire the proper type 
of teacher for technical education 
engineers are needed—hence the com 
munity must compete with local in 
dustry. It seems to me that industry, 
in order to satisfy its larger, broader 
need for technicians and engineers 
must get behind a local movement for 
higher starting — salari to entice 
teacher-engineers into nearby school 
rom these schools will come the 
technicians they need so badly 

Industrial leaders, increasingly aware 
of the technician shortage and th 
potential for technician relief of th 
more difficult professional cnginect 
problem, are starting to echo Nathan 
Clark’s sentiments. ‘The ‘Thomas A 
Edison Foundation mecting at West 
Orange, N. J., Nov. 19-20, and the 
Joint Program for ‘Technical Educa 
tion of the Columbia School of Engi 
neering, which held a session at Arden 
house, Harriman, N. Y., Oct. 30-Nov 
2, brought together educators and in 
dustrialists to discuss what drav 
young people to technology and how 
our colleges can help the hard-pressed 
science departments of high schools 
These are but two of the many meet 
ings throughout the land that are 
approaching the so-called engineering 
shortage problem in this new dire 
tion: through renewed, rebuilt empha 
sis on technology in secondary edu 
cation 

Kd. note: ‘The report above on in 
creased activity by educators in tech 
nician training does not include the 
mportant area covered by the post 
high-school technical institute. Many 
schools in this category have added 
in the past few years, special course 
in instrumentation and control. W< 
hope to survey these courses and per 
haps come up with an Industry's Pulse 
similar to the one this month) that 
will tabulate the information 





FAST @© ACCURATE 
AUTOMATIC DATA 


PROCESSING 











/ 
FEATURING 
QUICK -LOOK RECORDING 


DATA PROCESSING SYS 


Personnel Inquiries Invited 























INSTANTANEOUS 


THE RADIATION, IN‘ 
TEM br dges the gop between data collection and 
data reduction. It accepts nalog or digital inputs 
and converts the data to a form acceptable by high 


speed digital computers. Information is handled ir 


digital form throughout, maintaining extremely high 


accuracy. A quick-Look analog plot of all informa 
tion being processed is simultaneously available 


This plot, in real time 


editing oul unnecessary 
computer load 
gramming and elumir 
dures necessary to pre; 


computer input Thus 
between test and eva 
previous tests to be 


ign and procedure witt 


The systen 


re the ce 


sluable fo 

and reducing 
avtomatic pro 
jal proce 
yllected data tor 
h valuable thme uu toved 


ywing results of 


This equipment can be fitted to your particular dete handl 


ing problem. Write for complete information to Dept 


RADIATION Inc. 


Electronics * Avionics * Instrumentation 


Melbourne, Fla 
Oar ieemar 
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WHAT’S NEW 


Heidelberg 


Gives Control 


International 
Stature 


A special contribution from R. N. BRETOI, 
Minneapolis Honeywell Regulator Co., and 
RUFUS OLDENBURGER, Purdue University 

based on their observations at the recent 
control conference in Heidelberg, Germany te 


INTERNATIONALISTS 
at He idelberg This t 
und Ya. § 'sypkin, { 
S.S RK; R 
ian interprete 


CONTROL 
national barriers 
GE; A. M. Letov 
md V. A. Ratche { 
hnik magazin Ku 


in the 
pical group includes ‘ 
>. o R; H. Chestnut 


Oldenbourg, German 


Intense interest 


An international automatic control 
meeting called Tagung Regelungstech 
nik, sponsored by VDI (Verein 
Deuaher Ingenieure) and VDI 
(Verband Deutscher Elektrotechiniker 
was held at the University of Heidel 
berg Sept. 25-29. Over 900-250 
from outside of Germany—registered 


of automatic control) by J. L. M. Jan 
con of Holland and Rufus Olden rocket control specialist 
burger of the U. S. the amazing disclosure 
The final paper in the opening ses to their work in Russia that they wei 
ion, written by W. A. ‘Trapeznikoy ible to obtain all the western lit 
and B. J. Kogan and read by Prof. they needed, whilk 
A. M, Letev, editor of the Russian — sian 
Journal of Automatics and Tek Soviet 


CX-Pprisonel its the mectin 
I hie mad 


vith per 


ratul 
much of the Ru 
material was availabl nly te 
engineers. All of th 
Ru 


rormel 


lan and wet ot 


for the meeting, which was organized 
by the VDL-VDE control committe 
under the guidance of its secretary, 
Dr. G. Ruppel. The VDI, with 
32,000 members, and the VDE, with 
20,000 members, correspond to 
America’s ASME and AIEF 

At the initial session, which was at 
tended by 1,000 people, the rector of 
the university introduced Dr. O 
Grebe who, as general chairman, off 
cially opened the meeting. He was 
followed by representatives of the 
U. S. and U.S.S.R., who brought 
their respective greetings from the 
ASME and the Institute of Auto 
matics & ‘Telemechanics in Moscow 
The session continued with general 
lectures on the theme of the meeting 
(mathematical methods in the design 


BANQUET MIT DAMEN 
speakers’ table at the final 
that many fraus took 
to visit the lovely old 
Heidelberg. In the foreground is the 
of Prof. G. Evangelisti of the U. of Bologna 
to her right Mrs. R. N. Bretoi; across the 
table the wife of Prof. L. V. Hamos, Kungl 
leckniska Hégskolan, Sweden 


This view of th 
dinner 
the 
university 


indicates 
also opportunity 
town ot 


wil 
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mechanics, was devoted to the use of 
clectroni 
It pointed out that multiplica 
tion, generally performed by using the 
formula 


analogs of controlled sys 
tems 


x) + (xX + | x 


gives poor results when the factors are 
near zero, and has been superseded in 


the United States by better methods 


involving areas 


Around the control curtain 


Sixteen men from the United States 
md four from Russia (see picture 
above) came to the meeting. Lectures 
by the latter were promptly translated 
from Russian into German by the in 
terpreter who accompanied them to 
Heidelberg Representatives from 
East Germany, Poland, and Czecho- 
slovakia were also present in force. It 
was apparent that the control experts 
from these countries eager to 
establish contacts with western col 
leagues. ‘They expressed the hope that 
contacts, facilitating 
scientific interchange between east 
and west, would increase the 
for world peace 

About 20 German control engi 
neers, sentenced after the to five 
year work terms in Russia, were also 
at the meeting. While in Russia thes 
were paid twice as much as their So 
viet counterparts, but were confined 
to living and working quarters and 
could only leave with oftcial permis 
sion in groups of ten, with three Rus 
sians in each group. Some of the 


were 


these besides 


chances 


wal 


prisoner4s spoke 
great assistance as translat the 
meeting 

The 63 papers were presented in 
l'rench, Russian, English, and Ger 
covered all 
contro] 
coupling multiple-loop 
the matrices, frequency r 
sponse, nonlinear systems, the use of 
statistical methods in minimizing et 
and determining transfer 
tions, means for optimizing 
(with various definitions of 
mum’), analogies 
ind dynamic process ind 
of computers were treated. ‘There wa 
much emphasis on nonlinear 
systems: 1] papers by authors 
seven countnes were devoted t 


and 
iutomatic 


Han Mayor 1rCa 


Means for de 
1 


controls with 


aid of 


run< 
ontrol 
oph 


rors 


between stochastic 


the us¢ 


ontrol 
from 
thi 


DAMPFERFAHRT AUF DEM NECKAR 
One of the conference h ght is a boat 
ride Sept 29 
Neckarsteinach 
4. M. Letov 


front of flag 


aown I 

Identifiable 

right), 
and R 
nght Two days 
DUSsINCSS 
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DER DISKUSSIONEN 
Ih technical cession 
lace nside this buildin 


Univer { Heidell 


subject. Len of the papers were seri 
ously concerned with the statistical 
ipproach 

Ihe work of the Russian partici 
pants concerned optimum sampled 
data systems, means for calculating 
nonlinear stability 
criteria, the self-adjustment of param 
cters for the optimum performance of 
1 system subject to random disturb 
ances, and structurally (inherently 
unstable systems. Contributors were 
members of the Moscow Institute of 
Automatics & ‘Tclemechanics, which 
is actively engaged in developing con 
trol theory Although the Soviet 
Union i graduating» 5,000 control 


& 


control systems, 


i year, the contact between 
theory and practice in that country 
does not scem to be as direct as in the 
United State 


gy 
engineer 


Theory put to work 


Many of the papers dealt with th 
application of theory to such physical 
problems as the control of steam gen 
crators, turbines, and diesel 
engines, the charging of storage bat 
teries, the automatic longitudinal 
control of aircraft, the regulation of 
electric arc furnace impedance, thi 
control of machine tools, and th 
regulation of temperature. It is cleat 
from these papers that much of auto 
matic control theory finds immediate 
ipplication in industry both here and 
overseas 

L. S. Dzung of Switzerland showed 
that the controls in multiple-control 
ystems could be uncoupled using th« 
reciprocal of the transfer matrix of the 
plant. He applied this to an extrac 
tion steam turbine \. Nomote of 
Japan pointed out advantages of log 
root-locus __ plots K Izawa and 
S. Hayashibe, also of Japan, surveved 
criteria for good general r 


water 


| 
pon ( na 


DES SCHLOSSES 
Perched high on th 


the ld briclg 


| 
old 


concluded that gaims and phase ma 
gins of at least 3 db and 20 deg for 
processes and 12 db and 40 deg for 
servomechanisms are desirable. Erich 
Bkovics of 
the ease with which stability criteria 


Austna, who examined 


can be put on digital computers, d 
clared that the Routh and Leonhard 
Cremer criteria are well suited for thi 
purpose. 

b.. G. C, Burt of england and V. \ 
Solodovnikoy of Russia gave papers 
sclf-adjustment ot controlled 

tems to give optimum performance 
for nonstationary random disturb 
inces. Solodovnikoyv also treated sta 
tionary random processes in some cd 
tail. J. H. Westcott of Great Britain 
considered processes that need con 
trollers for satisfactory results. If it 1 
not possible, he said, to record suppl 
ind load disturbances directly, the 
dynamic characteristics of process and 
controller can come from records of 
three accessible 


on the 


control-loop signal 

his is an extension of work by J. Re 

wick and others. R. Kochenburger of 
the U. S. considered the problem of 
maximizing the probability that the 
crror in the controlled variable is in 
a given band pectral 
density of the disturbances on a water 
turbine, I. Obradovics and M. Mesa 
rovic of Yugoslavia were able to ob 
tain optimum adjustment of the tu 

bine. Y. Sawaragi and S. ‘Takahashi 


ymed a sine wav plus Gaussian 


hrom the 


imput to a zero memory nonlinear d 
ice and secured cquivalent gain for 
these inputs 
In other sessions Ya. § 
the U.S.S.R 
optimum performance for a 
ntrol in the cas if 


l'ypsin of 
howed how to obtain 
unpling 
tationary ran 
dom disturbance Papers by J. ¢ 

West of England, K. Klotter of the 
U.S... and Ch. Havashi of Japan wer 


oncemed with frequency respons 


THE RESOLUTION 





Ihe Heidelberg mecting was the 
third international control confer 
ence, The first was held at Cran 
field, England, in 1951, and the 
second, the Frequency Response 
Symposium, at New York City in 
1953. All of these meetings wer 
nationally sponsored, but open to 
participants from other countries 
Because of the need for additional 
conferences of this kind, the fol 
lowing resolution was adopted at 
Heidelberg on Sept. 27 

Ihe undersigned favor the 
founding of an international fed 
eration of automatic control and 
declare prepared to 
work in their respective countries 
for the organization of such a un 
ion. This federation is to have the 
following objectives 
1. ‘To facilitate the 

ot information in 


themselves 


interchange 
automat 
control and to promote prog 
ress in this field 
l'o organize international con 
gresses on automatic control 
Ihe resolution was signed by 


Otto Grebe, 
G. Ruppel, Germany 

G. Miller, Germany 

Il. Kindler, Germany 

W. Pohlenz, Germany 

R. Oldenburger, U.S 

H. Chestnut, U.S 

A. Tustin, Great Britain 

J. Coales, Great Britain 

J. Westcott, Great Britain 
A. Letov, U.S.S.R. 

Hi. Miarzendorfer, Austria 
M. Mesarovic, Yugoslavia 

J. Janssen, The Netherlands 
J. Balchen 
J. Jensen, Denmark 

P. Nowacki, Poland 

G. Evangelisti, Italy 

J. Boas-Popper, Israel 

M. Ajnbinder, Belgium 

Ph. Passau, Belgium 

V. Broida, France 

L.. Hamos, Sweden 

B. Hanus, CSR (Czech.) 
S. Vladimir, CSR 

K. Izawa, Japan 


P. Profos, Switzerland 


(,ermany 


Norway 


Send letters concerning the pro 
posed federation to Dr. G. Ruppel 
provisional secretary, at 
VDI/VDE_  Fachgrupyx 
ungstechnik 
Prinz4oeorg Strasse 79 


Regel 


Dusseldorf 10, Germany 
\ carbon copy of the letter to Dr 
Ruppel is to go to 
Prof. Rufus Oldenburger 
Mechanical Engineering Dept 
Purdue University 
Lafayette, Ind 
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WRITE for your copy of our NEW 
Catalog #346 





PENBERTHY 


MANUFACTURING COMPANY 


Division of Bufflale-Pclipse Corporation 


1242 Helden Ave., Detroit 2, Michigan 
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for nonlinear systems, nonlinear damp 
ing, and other phenomena 


kid. note: Some of the papers d 
scribed above are reviewed in thi 
month's Abstracts section, page 166 
Complete proceedings of the confe: 


ence can be obtained by writing 
VDI/VDI Fachgruppe Regelung 
stechnik, Prinz Georg Strasse 77/79 


Dusseldorf 10, German: 


he price i 
75 marks ($18 


More Observations 
on Heidelberg 


FROM LOWEN HEARER M I'l 


I hie Heidelberg paper largels 


based on well-known concept applied 


were 


in various ways to hypothetical or real 
control problem Vhere 
dence of significant 
through’’ of the analytical barriers sur 
rounding control technology today, 
and the available concepts and tech 
niques were applied to more or le: 
conventional types of 

Very little was 


characterize 


Was no CVi 


any “break 


tems 


aid about how to 
1 system properly or about 
how the selection of process and com 


ponent parameters in the design stag: 


of a development program can be 
made to achieve optimum auto 
matic control’. In other words, most 


of the authors took it for 
ad given 


granted that 


process was to be controlled 


MORE EUROPEAN CONCLAVES 


Antwerp Sept. 17—18 


Writes J, M. L. Janssen (Ctl, Nov 
‘55, p. 58) about the recent Confer 





ence on Automation organized by the 


Royal Flemish Institute of Engincers 


Attendance at this conference wa 


about 200, After its formal opening 
(see picture below) the meeting wa 


addressed by the Belgian minister of 


communications, who drew attention 





OPENING SESSION IN ANTWERP 


The Belgian Conference 1 Automatior 
the Technological Institute of the Ri 
president of the Belgian Institute for 


pcan l An 


right was me hrs 


When it comes 





vithout tampe rin 


ide the proce ima the 
to how how te Ich optimum 
ontrol of om th 
this given proce t 
TOE vhich t ed 
linear dynam tem if 
tivel simple characteristi Alth 
there was a great d f int t 
malog computers and « muting ma 
chines in general, the ned to | 
little realization yet of | to emp! 
uch tools most eftecti 
lack of understandu t 
haracterize a system i i 
that any or all of its ba net 
night be proper! he ‘- ichi 
ar irable closed-loop ont hara i: 
tcrist Qt outstandimn nportan 
in this connection was the lack of in 
formation about nonlinear ettect 
processes ind cont mponent 
Very little wa nd. alse ibout the 
characteristics of nonlinear process 
in terms of basic tem parameter 
onstants, of the limitu idition 
under which linearized anal can Db 
properly applied, or of the st p tha 
must often be taken t nainta 
proper surveillance of « tin ( 
ditions (boundary condition f 
linear systems under specit ontrol 
conditions This criti n al Ip 
plic to a somewhat tent t 
many of the control nf 
the U.S 
to the progressive plans f further 
iutomation in the Belgian telephon 
tem, railway tem, and post office 
Ile emphasized that sin ountri 
like Belgium should bi ictive 
this field if they are t t 
idequate standard of livin 
Most of the pam \ ! ill 
educational characte Apart from an 
IL. R. Mel 


intriguing discussion b 


‘ ‘ } 
of Paris on an “electron 








tartling novelties were torward 


put 

















through 
mechanical rigidity 


The sustained accuracy made possible by all-metal-case 
construction is now available in a 10-turn potentiometer 

This unit has only 2 the diameter and 1/3 the weight of usual 
standards. It is the Fairchild Standard Type 920. Its 24/2” coil 
length assures linearities of ©0.25%, in a resistance range 

of 1,000 to 200,000 ohms, with ©0.1% available for 

special applications. Your choice of servo, threaded 
bushing or three-hole pilot bushing mountings. 


This is another example of how Fairchild's complete line can 
give you the answers, no matter what factors govern your 
choice of precision potentiometers. Write Fairchild Controls 
Corporation, Components Division, Department 140-62C2 


EAST COAST WEST COAST 
225 Park Avenue 6111 E. Washington Bivd. 
Hicksville, L. 1., N.Y. Los Angeles, Cal 








Sustained electrical accuracy throughout 
the life of a potentiometer is largely 
governed by the unit’s ability to resist 
mechanical dimensional changes. The 
all-metal-case construction of Fairchild 
potentiometers assures mechanical rigidity 
that maintains superior initial accuracies 
and tolerances throughout a long life cycle 
in spite of severe changes in environmental 
conditions. This is another advance made 
possible by Fairchild’s continuous research 
and quality control program on materials, 
processes and manufacturing. 






YR CHILD 


PRECISION POTENTIOMETERS 
and COMPONENTS 
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When it comes | startling novelties were put forward 
An interesting comment by Prof. R 


to RACES... Molle on the pla of clectronics in 


iutomatic control is, h ver, worth 
: mentioning. He said that in the fiel 
... Here’s an of communication lectroni va 


aia si : without a competitor. Electronic engi 
AU | OMA | L¢ 3-to-1 neers, on the other hand, have found 
it difficult to realize that in the field 


FAVORITE fora of automatic control, where there ar 


well established pneumatic and hy 


BIG —° 
PAY-OFF . 


Stockholm, Sept. 17—21 





Three full days of technical pape! 
on subjects ranging from automatic 
process control through computer 
ind nuclear instrumentation and int 
the new tools for on-stream chemical 


imalysis made this Fourth Interna 
tional I&M (Instruments & Measure 
ments) Conference one of the most 
important control conclaves held on 
Ball bearing the continent this year here were 


outer race nine contributions from the U.S 


unong the 72 papers, including a r 
port on data gathering in engine test 
facilities by Mel kusfeld (CtE, Aug 
; p. 57), the use of nuclear mag 
netic resonance im chemical analysi 
by J. Shoolery of Varian Associates, 
ind a lecture by ‘T. V. Parke of Beck 
man Instruments on ma pectrom 
eters. Turn to page 166 for abstract 
from some of the sessio 
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PRATT & WHITNEY 
AUTOMATIC GAGGING 


If you're looking for the best bet in Quality Control, you can 
really “chute” the works on this outstanding new performer . 
Pratt & Whitney “In-the-chute type” Automatic Gages can Ltd. ae ree Hayy re ; with Tor 
handle the output of several high speed automatic machines ton Nordell of Kihlsts Ma terfabrib 

Races fed by chute into the gage unit are checked for 3 Stockholm 
dimensions at 1 time — size and taper and out-of-round at a rate 
of 2200 pieces per hour and automatically sorted into ok, under- 
size and oversize categories. If limits are exceeded, the Gage 
Unit automatically signals that a machine correction is required. 

DON'T GET LEFT AT THE POST... in the 
industry-wide race to produce better and faster at lower cost. 
Learn now how P&W Automatic and Automation Gaging can 
put you out ahead of the field. Phone the P&W Branch Office 
near you and ask a Pratt & Whitney Gage Specialist to call... 
or write direct to West Hartford outlining your needs. 






Servos stem-thermometers dive s, swit he 


PRATT & WHITNEY COMPANY seugment dictsbuted’ by bo Paabied AB 


INCORPORATED 


8 Charter Oak Boulevard, West Hartford 1, Connecticut 
Branch Offices and Stocks in Principal Cities 


MACHINE TOOLS e GAGES « CUTTING TOOLS 














From MOOG... a*Bual Input Servo Valve 


for Blight Control! 
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Pilot boost servos for control surface positioning are commonplace. These 
servos are usually necessitated by high control surface aerodynamic loads 
which make direct control through the pilot's stick impracticable. Generally, 
they are mechanical-hydraulic in nature 

Today, as aircraft operational requirements increase, it is necessary to 
add artificial flight stability augmentation through these servos. Also, aircraft 
autopilots must work through this medium, These modes of operation generally 
require electro-hydraulic servos 

To coordinate these functions, the Moog Valve Company introduced, and 
is now in full production on, its Dual Input Servo Valve. These units permit 
direct mechanical-hydraulic flight control, combined mechanical-hydraulic 
and electro-hydraulic control, and electro-hydraulic control alone. Full mechani 
cal override for safety is always possible and self-contained solenoid and lock 
out arrangements permit full flight mode selection 

Employing an entirely new principle of summation, the Moog units 
accomplish the electro-mechanical mixing function without linkage in a single, 
integrally-designed package. By elimination of linkage inertia and backlash, 
the Moog Dual Input Valve greatly increases low amplitude resolution and 

3 frequency response. It simplifies the entire control system and is far more 
compact than other dual input mechanisms 

The Dual Input Servo Valve was developed by Moog's creative engineer- 
ing staff. This team approach is available to industry to produce advanced 
electro-hydraulic servo components 





MOOG VALVE CO., INC.., PRONER AIRPORT, EAGT AURORA, N.Y. 
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enables quick deliveries and reasonable prices 


SYNCHROS 


KEARFOTT offers the 


most complete line of precision made components 


CHINE TOOLS e GAGES « 


ononts 


FOR EVERY SYSTEM 
APPLICATION 








ailable anywhere, Quantity production 


Resolvers, Repeaters, and Differentials in 


Bu Ord Sizes 8 


en 


SERVO MOTORS 


Motors, Inertial and Viscous damped Servo 


M 


TACHOMETER GENERATORS 


11 and 15 


vironmental resistance 


High torque, low inerti 


otors, in Bu Ord Sizes 8, 11, 15, 18 and 


Available 


damping generators, rate generators and 
integrators. They feature high output to null 


ta 


Sti 


GYROS 


tio and extremely linear outputs 
ibilization may be provided 


Directional, floated rat 





systems manulacturer the 


Transmitters, Control Transformers 


High Accuracy and 


a Servo 


CUTTING TOOLS 
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As 


Temperature 


integrating 


free, vertical, and spring restrained rate gyros for 
all airborne navigation, stabilization or fire 
control applications 


38 


Bulletins giving physical 
and technical data of the 
various Kearfott Product 
will be sent on request. The 
Kearfott organization 1s 
available to assist in the 
development and 
manufacture of other 
precision components you 
may require 







earfott 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Moin Avenve, Clifton, Ni J. 


Midwest Office: 168 W. Randolph Street, Chicago, Ill 


South Central Office: 6115 Denton Drive, Dollas, Texas 


West Coos Office: 253 N. Vinedo Avenve, Posadenc, Calif 
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All Around the 
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P ‘Three of the nation’s biggest manu 
facturers of data processors put thei 
ystems to work during the recent na 
tianal clection, and there was work 
enough for all. Still, it seemed that 
the heaviest burden was borne bi 
IBM’s 650’s simply because of the 
dignified restraint under which thes« 
machines had to operat Whilk 
Remington Rand’s Univac and Un- 
derwood’s new Elecom | matched 
diodes and vacuum tubes in a_ pr 
return prediction tournament th 
650's had to be content with bein 
trictly a. high speed messenger bo 
giving nothing but the fact 
Speaking of diodes, it inter 

ing to note that the largest order ev 
made for the germanium type was put 
through just wecks before the el 
tion, but never got int the contest 


Calling for the 
Research, Inc., 


order y 


Logistics 
hlling it w 


Hughes Aircraft Co. Sects of 6,001 
will go into Logisti Alwac com 
puters, which, baskin 168-per 
ent merease in sal vere kept bu 
enough with commitments from th 
[ S. National Securit A gery 
Weather Records Center, Institute of 
Gas ‘Technology, U.S. and Canadian 
military establishment ind college 
nd imdustric Further diode put 
chase will be mad cording = t 
Vice-president A. Y. Baker, when th 
time comes to outfit the new Alwac 


S00, which takes 20,000 unit 
IBM, which cooperated with NB¢ 


greed beforehand that no predicting 


would be done. Mutually, IBM, NBC 

ind the Associated Press decided upon 
i division of the country into 11 area 
ind in each one a collecting city wa 
picked, based upon the available fa 


cilities. NBC purchased the necessar\ 


\P wires in each area and had them 

directed to the collecting cit IBM 

purchased the AT&T circuit 
Election returns from the AP wire 
ere transcribed by NBC _ personne 


onto IBM cards. Each card was } 


punched and key verified, then tran 
mitted via IBM Data Transceivers t 
the collecting cities Relay and checl 


points for transmitting data were ¢ 
tablished at Los Angeles, Kansas Cit 


Washington, and New York. At each 
point an IBM 650 made validity test 
on transmitted returns. Checks mad 


sure that: each return was greater than 


the one before; actual returns were not 


greater than state possibilities; vot 
! not just or 


eased in both partie 
( nti 

















Compact Baidwin SR-4 sealed ioad cells mount conveniently below tank flange: 


simple, maintenance-free Baldwin SR-4° system 
proportions 5 ingredients to + “0% repeatability 


Automatic proportioning of liquid and solid ingredients 
is achieved in this chemical process by an integrated 
Baldwin SR-4 system. 

Baldwin SR-4 transducers weigh each ingredient as 
it is added to the batch. The load cells transmit signals to 
the indicator-controller, automatically opening and clos- 
ing supply tank valves as required by the formula. This 
closed loop system is instantaneously responsive and 


highly accurate. 


You can have a Baldwin SR-4 electronic control system, 
specifically designed for your needs, for any application 





involving weight, pressure, tension, torque or thrust. 
We engineer the entire system and calibrate it as a unit, 
tO guarantee you maximum accuracy. For your copy of 
bulletin 4302, write Dept. 3352, Electronics & Instru- 
mentation Division, Baldwin-Lima-Hamilton Corpora- 
tion, Waltham, Massachusetts. 


Baldwin SR-4 instrumentation for automatic batching includes 
an indicator-controlier-recorder and timer system for each tank. 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN-LIMA-HAMILTON 


DIVISIONS: Austin-Western « Eddystone + Hamilton « Lima « 
Electronics & instrumentation « Madsen + Loewy -Hydropress « 
Pelton ¢« Standard Steel Works 
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If temperature 
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changes are 
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mercury 4 


relays 


THE ADAMS & WESTLAKE COMPANY ex.kuarrt, INDIANA 


New York «+ Chicago « Established 1857 
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moisture 


Temperature changes, dust, dirt and moisture 
can’t affect the operation of Adlake relays 

They require no maintenance whatever...are quiet 
and chatterless...free from explosion hazard 
Mercury-to-mercury contact gives ideal snap 
action, with no burning, pitting or sticking 

Time delay characteristics are fixed 

and non-adjustable. 


For more information about Adlake 
Relays, write The Adams & Westlake 
Company, 1181 N. Michigan, Elkhart, Indiana 


the original end largest manufacturers 7 99 o™, 
of mercury plunger-type relays reer 
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Scns of rockets swooshing heavenward 


become more and more familiar as we 



































thumb through today’s industrial publications, 
The recalcitrant rocket shown on this page 
indicates that things can go wrong in research, 
and we don’t claim that the absence of a 
Sanborn oscillographic recording system some- 
where along the line was the reason for this 
disappointing trajectory 

What we do wish to say is that Sanborn 
equipment is playing an increasingly vital part 
in rocket development. Used in the laboratory 
to record flight behavior simulated by analog 
computers, and in plotting rooms at testing 
bases to tape down telemetered data, Sanborn 
*'150’s"’ are helping rockets to get and stay 
where they belong. 

You can see Sanborn systems in many 
other places, too. Oil fields, electronic com- 
ponent production lines, machine tool plants, 
hydraulic testing laboratories, numerous air- 
craft manufacturers, computing facilities . 
are putting single to 8-channel Sanborn systems 
to work. (Most are housed in vertical mobile 
cabinets, while those in the ‘‘field’’ are often 
divided into portable packages for each instru- 
ment All of them give their users inkless, 
permanent recordings in true rectangular co 
ordinates, one percent linearity, as many as 


nine chart speeds, and the efficiency (and 






economy) inherent in Sanborn unitized design 


A dozen different plug-in preamps further 





extend their value, by making change 


i 
oad over to new recording inputs a quick Ss A a | =)  @ | Re a | a 
+ | and easy procedure. ‘ Ps 


L COMPANY 


CAMBRIDGE 39, MASSACHUSETTS 
2-, 4+, 6-, 8- CHANNEL 16 page “150 System" catalog. 


6-, 6-CHANNEL 4-CHANNEL 2-CHANNEL 1-CHANNEL ANALOG COMPUTER SYSTEMS Write te us for a copy. 








Which way rockets are going may 
not be a primary concern of yours. 

But if recording probleme are, 
you're apt te find some interesting 
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Edison detectors “ny 
give speedy warning of uy 
overheat in atomic pile ite 
Self-monitor design assures fail safe operation iu a 


4 


New Edison Resistance Temperature Detectors are especially 
developed to meet the exacting demands of the atomic power 
industry. These detectors are now helping forestall costly fuel 
cell damage by providing near-instantaneous detection of a 
rise in temperature in light water moderators. 

Super reliable and simple in design, Edison detectors eliminate 
complex electronic components. Some are rated at 0.8 seconds 
maximum response time and the high temperature types give 
an accuracy of +1.0% at 750°C. Radiation- and corrosion- 
resistant, Edison detectors have quick disconnect features for 
reduction of installation and maintenance time. 

Write for Bulletins 3016 and 3036 for information on types 
of Resistance Temperature Detectors and remote temperature 
monitoring systems for every purpose. 


pn 


A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 


Thomas A. Edisor 
INCORPORATE ODO 


INSTRUMENT DIVISION + 38 LAKESIDE AVENYE + WEST ORANGE, NEW JERSEY 





Photo courtesy of Union Carbide & Carbon Corporation 
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This Controller 
requires no more attention 


than a weath 







M/59 
Valve-Mounted 


FLOW. CONTROLLER 





“Live-Balance” 
with any size valve motor. 


Control on any fluid 


Lowest first cost. Lowest installed cost. 


Lowest maintenance cost. 


THE FOXBORO 


COMPANY, 


) 


~ 


Unique Simplicity — exclusive design 
permits fixed, optimum proportioning 
and reset values for liquid flows. Ad- 
justable reset optional for gas or steam 
flow. 


3612 NORFOLK 


STREET, 





FOXBORO 


ervane! 


Q. 


— ~ 





Like « weathervane, the Foxboro 
M/59 Consotrol Controller can be 
installed completely exposed to 
the elements . . . and forgotten 
about! Unsurpassed in perform- 
ance by any other flow controller, 
the M ‘S39 is completely indifferent 
to weather conditions. 

This rugged Flow Controller 
mounts directly on the air connec- 
tion of the valve... at a fraction 
of usual installation cost. Its case 
is tightly gasketed, continuously 
purged, completely weatherproof, 
highly resistant to dust, fumes, 
and vibration. There’s nothing to 
align, nothing to wear out. A 
flexure-strip fulcrum eliminates 
the friction and wear of conven- 
tional pivots ... eliminates ‘con 
ventional” maintenance, 

In operation, the M/59 fully 
utilizes the speed and sensitivity 
of the Foxboro d/p Cell Flow 
Transmitter ... does away with 
transmission lag... gives fastest 
recovery from process upsets. For 
the complete story, write today 
for Bulletin 470, 


MAGS., U.S.A 


FLUID FLOW CONTROLLERS 


REG. V. S. PAT. OFF. 





FACTORIES iN THE 


UNITED 


SVaAaTEDS ; 
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* Economical ‘2 in 1” Design 
* Peak Performance 

* Absolute Protection 

* Maximum Interchangeability 


CONSOLIDATED SAFETY RELIEF VALVES GIVE YOU ALL FOUR~AND MORE 











Consolidated Safety Relief Valves satisfy every 
requirement of the most advanced processing 
facilities. Valve action is consistently positive. 
You get peak performance even where discharge 
lines are long or there is low “superimposed” 
back pressure in the relieving system! 


The Standard type can be converted to Bellows 
type in the field. Center-to-face dimensions of 
inlet and outlet are such that you can interchange 


these valves with the safety relief valves of other 
manufacturers, Real flexibility of application that 
cuts inventory costs! Optically-ground flat seat- 
ing surface and fewer functional parts than com- 
parable valves contribute greatly to easier, more 
economical maintenance. 

Get top economy and absolute protection with 
Consolidated Safety Relief Valves. Full range of 
sizes and pressures available. Write for Catalog 
1900 for complete information 









' CERTIFIED AND APPROVED. Both Standard and Bellows Valves are approved under 
API-ASME and ASME Unfired Pressure Vessel Codes and are certified by the National 
Board of Boiler and Pressure Vessel Inspectors 


oe in Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


LIDATED ==:.:-- VALVES 


A product of MANNING, MAXWELL & MOORE, INC. TULSA, OKLAHOMA 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Strafford, Conn. ‘HANCOCK’ VALVES, Woterfown, Mess. 
AIRCRAFT CONTROL PRODUCTS, Donbury & Stratford, Conn. end Inglewood, Calif. “SHAW-BOX” AND ‘LOAD LIFTER’ CRANES, 
‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich. 
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Just tell us here at Master what you want in 
power drives—and get the utmost in flexibility, 
compactness and performance, It probably 
won't be as complicated as the multi-shaft Gear- 
motor illustrated here, with 14 shafts turning at 
diverse speeds. But, regardless of what you 
need, Master can supply the right combination 
of horsepower, shaft speed and mounting fea- 
tures with whatever Master components are 
required—all combined in one compact efficient 
unit. Just ask for information. 


Motor Ratings.'% to 400 H.P. All phas« 


Motor Types 
Construction 


Speeds 
installation 


Power Drive 
Features 


voltages and fre 
quencies 

Squirrel cage, slip ring, synchronous, repul 
sion-start induction, capacitor, direct current. 
Open, enclosed, splash -proof, fan - cooled, 
explosion-proof, special purpose 
Single-speed, multi-speed, and variable speed, 
Horizontal or vertical, with or v 
and other feature 


Electric brakes (2 types) 


ithout flanges 


) types of gear re- 


. duction up to 432 to 1 ratio. Mechanical and 


electronic variable speed units 
every type of mounting 


fluid drives 


ELECTRIC COMPANY, Dayton 1, Ohio 

















Which one of 
these Genisco 
Accelerometers 
meets your 
guidance system 
requirements? 


7 


Model GMO —A small, rugged 
instrument with relatively Men 
natural frequency. +26 to 
+ 30G ranges 


Model GLW — Thousands pro- 
duced, Magnetically damped 
Excellent dynamic character- 
istics over MIL temperature 
range. +2G to +306 ranges. 


Model GOH — Heated-oil damp- 
ing. A rugged instrument 
useful in severe vibrational 
environments. +16 to +3G 


+ 


Model GLO —Like Mode! GLH,in 
aircraft case. Caging and dual 
Output available. Ranges as 
low as +1446. Can supply oll- 
filled case for low vibration 
excitation. 


Model GMH — Smali, heated-oil 
—t High natural fre- 
quency. Excellent performance 
in severe vibrational environ- 
ments. +16 to +306 ranges. 






















\\ lh Ps 






Now in large scale production 


Genisco Accelerometers are potentiometer- 
type instruments. Unique design features, 
plus unusual skill in potentiometer manu- 
facture, result in extremely low noise levels. 
Several instruments are now in use on mis- 
siles in large scale production. 


Your particular requirements will receive 
careful attention, Write today, outlining 
your needs, Genisco Incorporated, 2233 
Federal Avenue, Los Angeles 64; California 
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RELIABILITY FIRST 








Crucible 


in magnetic seals, too 


CRUCIBLE PERMANENT MAGNETS 


mean maximum energy—mMinimumM size 


The consistently higher energy product of Crucible 
Alnico magnets allows smaller parts — greater com- 
pactness in special applications like this magnetic 
shaft seal. What’s more, the superior corrosion and 
wear resistance of Crucible Alnico insures far 
greater service life. 

You can regularly get Crucible permanent 


Alnico magnets sand cast, shell molded, or invest 
ment cast to exact size, shape or tolerance require 
ments and in any size from a mere fraction of 
an ounce to hundreds of pounds. Crucible Steel 
Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa 


first name in special purpose steels 


Steel Company of America 
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ECTRONIC 
ALOG 

MULATING 

UIPMENT 





















ENGINEERING 


CONTROL 


Beckman’ 
Berkeley Lrivision 








@ Convincing evidence that analog 
equipment not only broadens the 
scope but also increases the effi 
ciency of a digital computer facility is 
again corroborated by Georgia Tech 


Engineers of the South's leading 
engineering and industrial research 
activity, the Georgia Tech Engineer 
ing Experiment Station, found an 
early need for analog equipment to 
supplement their extensive digital 
computer facilities (the Rich Elec 
tronic Computer Center) in the solu 
tion of physical problems. Analog 
techniques for real-time solution of 






Riche 
eckman Instruments, | 


)Wrght A 





*EASE (1M) Electronic Analog 
Simulation Equipment 


ADDS AN ANALOG COMPUTER FACILITY 


problems involving continuous quan 
tities are typically ten to one hun 
dred times faster than digital. When 
digital machines are required for 
high-accuracy resolution of such 
problems, analog equipment can 
quickly spot critical areas to be given 
detailed examination 


Georgia Tech's Analog Computer 
Laboratory had another reason for 
existence 
students in computing theory and 
technology, an area in which analog 
concepts are a must. 


the training of graduate 


EASE* equipment, chosen for this 
key assignment, offers such features 
as simplicity of set-up and operation 
high accuracy, and freedom for ex 
pansion or modification to meet fu 
ture requirements 


These EASE* features can give 
you a years-ahead start in solving 
analog computer problems, in per 
sonnel training, or in supplementing 
digital computer operation for utmost 
utility. Why not write now for deta 

please address Dept. L12 




















Co 


MODEL 230 SERIES INSTRUMENTED RAM ACTUATORS 
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MODEL 180 SERVO VALVE me 




















MODEL 1640 SERVO VALVE 








MODEL 140-8 SERVO VALVE a 








See 
Ru 


MODEL 120-D SERVO VALVE 






































PEGASUS offers industry a complete line of high 
performance Electro-Hydraulic Servo Equipment 


SERVO VALVES cover flow rates from 5 to SERVO AMPLIFIERS are of plug-in modular 
160 G.P.M., with natural frequencies from construction, and include power amplifiers 
50 to 200 ec.p.s. closed loop. Concentration power supplies, transformer demodulators, 
on long life and maximum dependability stabilized D.C. amplifiers, and other units re 
has been made throughout design and quired for your electro-hydraulic servo loops. 


STANDARD ELECTRO-HYDRAULIC SERVO- 
RAM ACTUATORS have feedback instrumen MECHANISMS are designed and tested to 


your performance and load requirements, and 


manufacture. 


tation mounted concentrically within the ram 


. are | } k “cl t at y] t by o f lic: 
shaft. Strokes from 1 to 10 inches and areas a os a oS oo Se 


@ e tion engineers 
from .5 to 5 square inches are available. Preci 


sion manufacture and double end seals insure SPECIAL COMPONENTS AND SYSTEMS 
minimum friction and long, leakage free are quoted where performance or production 


operation, problems require some specific design 


Write us specifying your component or system problems, and we 
shall be pleased to submit our quotation. 


PEGASUS (LABORATORIES, INC. | 


4 — 
om 
j 


+4 -_ —_ 2 . 
7, } | DESIGNERS AND MANUFACTURERS OF ELECTRO -HYDRAULIC SERVOMECHANISMS 
A/ 3690 W. ELEVEN MILE ROAD ¢ BERKLEY,’ MICHIGAN 
i 
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ELECTRONICS IN BRITAIN 


The British Electronics Indus- 
try is making giant strides with 
new developments in a variety 
of fields. Mullard tubes are an 
important contribution to this 
progress. 











Principal Characteristics 


Nominal operating voltage 85V 
Max. starting voltage 125V 
Current range 1-8mA 


Operating Current 4.5mA 


Internal resistance at 4.5mA 290 ohms 


REFERENCE TUBE 


SETS A NEW STANDARD OF STABILITY 


— 


One of the most important reasons for 
British equipment manufacturers’ ready acceptance of the Mullard 85A2 
voltage reference tube is its high degree of stability. After an initial 
ageing period, the tube maintains a short term stability of 0.1°),, even 
under intermittent switching conditions. Its long term stability is better 
than 0.2°,, up to 1000 hours. 

In addition to its stability characteristics, 
the 85A2 has a very close tolerance burning voltage and is free from 
voltage jumps throughout its life. All these factors combine to make the 
85A2 an ideal tube for all voltage reference applications where consistent 
performance is essential. 

Supplies available from Equipment designers requiring com- 
In the USA plete data on this tube are invited to send their enquiries to either of the 
International Electronics companies listed alongside. 

Corporation 

Dept.C1281 Spring Street, 

N.Y.12, New York, U.S.A, 


Canada ELECTRONIC TUBES 


Rogers Majestic 
cas ee weed throughout the world 
Dept. LO, 11-19 Brentcliffe Road, 


Toronto 17, Ontario, Canada. 


MULLARD OVERSEAS LTD., MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLAND 


MULLARD Is THE TRADE MARK OF MULLARD LTD, & IS REGISTERED IN MOST OF THE PRINCIPAL COUNTRIES OF THE WORLD. [Mullard] 
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Screw > && Spk anes 


SAGINAW STEERING GEAR DIY 


GEWERAL MOTORS CORF, 


SAGINAW, MICH 


FREE! 


YOUR NEW 


ACTUATOR and SPLINE 
‘‘PROBLEM SOLVER’”’! 


New 1957 Engineering 
Data Book from World’s 
Largest Producers of 
Ball / Bearing 

Screws and Splines 


36 pages crammed with time-, work-, and money- 
saving facts: Principles « Types « Basic Operations « 
Coupling Methods « Efliciency + Versatility « Ad- 
vantages « Selection Factors « Design Data e« 


Sample Problems, ete. 


SAGINAW b/b SCREWS are 00), -98°(, efficient (com- 
pared to 15°)-20% efficiency of Acme screws). Re quire 45 
LESS torque and power for same linear output with conse- 
quent weight, space reductions. Function normally at —75 
to +250° F. Two types: precision ground or commercial 


rolled-thread. Have been built 1!) in. to 39'o6 ft. long. 


SAGINAW b/b SPLINES have 40 times lower coefficient 
of friction than sliding splines; transmit or restrain high 
torque loads far better; permit vital power, weight, space 


reductions. Have been designed 3 in. to 10 ft. long. 


--=-= SEND FOR YOUR FREE COPY TODAY.---- 


Saginaw Steering Gear Division, General Motors Corporation 
b/b Screw and Spline Operation 
Dept. 1V, Saginaw, Michigan 


Please send 1957 engineering data book on Saginaw b/b Screws 
and Splines to 


NAME 
COMPANY 


ADDRESS 


city ZONE 


DECEMBER 1956 








solve problems 
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WESTINGHOUSE now offers you 
immediate opportunities to 


in atomic propulsion 





Work in nuclear energy with 


the company that powered 


the Nautilus... first atomic sub! 
NO DELAY IN AWAITING SECURITY CLEARANCE 


New ground-floor opportunities are now open at Westing- 
house to break into vital atomic’work. Join a fast-growing 
department which purchases, through subcontractors, the 
atomic equipment needed for submarines and surface craft. 

Assignments involve broad responsibility — from prepara- 
tion of specifications for components, through fabrication 
and testing, supervising quality, delivery to shipyards, and 
putting equipment into actual operation. 

Westinghouse invites you to join this challenging activity 

whether you are a professionally established engineer, or 
just starting your career. Relocation allowances and unique 
automatic annual salary increase plan, in addition to merit 
increases. 


IMMEDIATE OPPORTUNITIES FOR: 


ELECTRICAL ENGINEERS — with experience in instru- 
mentation, design and application, controls and 
electro-mechanical devices. 


SEND YOUR Mr. John D. Batey, Dept. 121, 
RESUME TO: Westinghouse Electric Corp., 
P. O. Box 1047, Pittsburgh 30, Pa. 


Westinghouse 


FIRST IN ATOMIC POWER 





No Commutators, No Rings, No Brushes, 
No Rotating Coils—in the NEW 


~__@ __— 
YNAMATI[ 


Adjustable Speed Drives 


a stationary field couplings are the simplest drives so 
far devised to provide infinitely adjustable speed from an alter- 
nating current source. The absence of rotating coils, brushes, slip 
rings, and commutators in this design holds wear and main- 
tenance to an absolute minimum, Dynamatic electronic or mag- 
netic amplifier controls, in combination with these drives, pro- 


vide wide latitude in operating functions. 


Check these Outstanding Advantages: 


Accurate speed control * Wide speed range * Low power losses 


* Simple construction * Rapid response © Remote control 
Dynaspede”™ Stationary Field 


‘ : * Quiet, efficient operation « Low maintenance costs 
Coupling, with Integral Motor Q P . 


Ajusto-Spede’ Drives: Air cooled, stationary field eddy- 
current couplings mounted integrally with D-flange open drip 
proof squirrel cage motors are available in capacities from 1 to 
75 HP. Units of the same design and capacities are also available 


without motors. 


Dynaspede’ Drives: Liquid cooled, stationary field cou- 
plings mounted integrally with D-flange squirrel cage motors are 
available in capacities from 3 to 75 HP. Motor types available 
are drip proof, splash proof, totally enclosed fan cooled, and 
explosion proof. The coupling is totally enclosed. Separately 
mounted couplings are also available in capacities from 3 to 
2500 HP and larger. Stationary Field Coupling for 
use with Separately Mounted Motor 


Send for Detailed Information on these New 
Stationary Field Couplings and Drives 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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~Gnnour cing anew: memlex 


th tt firoud, fen ly 


Once again, setting the PACE, Electronic Associates announces the 
newest addition to the royal family of recording equipment — the new 
Variplotter Model 1100D. 


Another example of the PACE of Progress set by Electronic Associates, 
the new Model 1100D Variplotter offers 9 specific, built-in operational 
advantages, as well as 5 new integral convenience factors, to assure 
the ultimate in X-Y, table-top recording. 


Complete specifications on these 9 operational advantages and 5 con- 
venience factors will be forwarded to you on request. 


For details on this and other Variplotter models, as well as information 
on Analog Computing Equipment, time rental at our Princeton Com- 
putation Center, or a visit with our skilled Sales Engineering staff, 








write Dept. CE-12, Electronic Associates, Inc., Long Branch, N. J. 


ELECTRONIC 


ASSOCIATES [ * e . SETS TH © PJAICS = 


COmPuTine 








y/ LONG BRANCH, NEW JERSEY + TELEPHONE LONG BRANCH 6-!100 
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INDUSTRY’S PULSE 








How Control Makers 
Will Train Your Technicians 


\ recent study by McGraw-Hill’s Departinent of Economics 

indicates that the users of control will purchase over $4 billion 

worth of equipment in 1957. The incoming devices and sys 

tems will bolster an already incredible array of complex, highly 

specialized measurement and control equipment now being used 

throughout business, the military, and industry. But to the 

users they will create this pressing question: where will 

the trained technicians come from to install, maintain, and 

operate the new systems? Who'll run ‘em 
One powerful answer to this question resides in the training after you buy ‘em? 

schools—formal and informal—oftered to control users by th« 

makers themselves. Most of the 2,000 odd companies that 

manufacture specialized products for the control field are pre 

pared to back up their equipment either with informal in-plant 

or use-site instruction, or through organized training facilities 

It is the growing emphasis on this latter category—the formal, 

organized customer training school—that prompted Conrroi 

Encines RING recently to survey 100 control manufacturers. By 

Oct. 15, 33 companies returned complete answers on thei 

organized facilities. ‘The answers are crammed into the next 

two pages.” ; 5 ) 
‘To help the user with specific requirements, the table groups <6 G 

control-maker schools into four categories: aircraft and ord m4 

nance; analysis and test instruments; computers and data proc | 

essing; industrial control. Thus one group of three companies 

trains technicians to service and run the highly specialized sys i \ | 

tems it makes for controlling aircraft, ships, and military vehicles — | | 

One distinguishing feature of this group is its stress on field ee oe 





* For untabulated answers, see footnote, page 12 
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GROUPS 





AIRCRAFT AND ORONANCE 
ANALYSIS AND TEST 


11}-COMPUTERS AND DATA PROCESSING 
1V-- INDUSTRIAL CONTROL 


SOME OF THE SCHOOLS ORGANIZED 





COMPANY 


SCHOOL FACILITIES 





TEXTS 


EQUIPMENT 


FIELD TRIPS 





|. LEARCAL DIV., LEAR INC. 


Santa Monica, Calif. 


prepared 4 school 
sta 


test & special eqpt. to 
service autopilots 


actual in-flight 
demonstrations 





je te ge: ROT RUMIENST CORP. 


Eimhwu: 





SPERRY evagecore Div. 


Great Neck, N 


manuals & texts pre- 
pared by Kolisman 


actual system or eqpt 
under instruction 


in field—also company 
facilities 





STAFF 
3 electrical engineering 
graduates 
3 eng. grads with minors 
in teaching 
26 some PD's. in 


math, engineers, technicians 


student training notes 
and technical reports 


product for study & 
associated test eqpt 


flight is made in 
certain programs 





il, BAIRD ASSOC.-ATOMIC INSTRUMENT CO. 


Cambridge, Mass 


5 with science and 
engineering degrees 


outlines compiled by 
engineering staff 


direct reading spectrom- 
eter & spectromet 


no 





BAUSCH & Love OPTICAL CO. 


Rochester, N 


10-13 
optically 


raduates 
trained 


manual on each 
instrument 


instruments & assoc 
test and repair eaqpt 


giass plant; lens 
grinding; assembly 





BRUSH ELECTRONICS CO. 


Cleveland, Ohio 


L O EL 
Pasadena, Calif. 


2 engineering & sales 
personne! 


brochures, service notes, 
catalog sheets, etc 


misc. specialized test 
equipment on bench 


no 





DYNAMICS RP. 





NORTH AMERICAN PHILLIPS CO. 


Mount Vernon, N. Y¥ 


2 full-time plus eng. 
& service guest sta 


prepared by technical 
services department 


instruments plus ‘‘bread- 
board”’ circuits 


no 





12 including university 
professors 


book on X-ray diffraction 
designed for course 


complete X-ray diffrac- 
tion eqpt. on senches 


no 





it, ELECTRODATA Yate BURROUGHS CORP. 


Pasadena, Calif 


30 grads in EE, math, 
physics; ex-teachers 


various empery ounce 
pine Bm handbooks 


3 complete DATATRON sys- 
tems plus test eqpt 


customer systems are 
visited and studied 





ELECTRONIC ASSOCIATES, INC. 


Long Branch, N. J. 





16M oar geation 
New York City 


4 with backgrounds in 
EE and physics 


original texts on test 
& operational procedures 


test racks & standard 
electronics test eqpt 


tour of facilities 
& computation center 





200 with college degrees 
and 1BM training 


machine operation man- 
vals & diagrams 


1BM equipment 


no 





LOGISTICS RESEARCH, INC. 
Red 


londo Beach, Calif. 


10 graduate engineers, 
mathematicians 


theory & practice step- 
by-step guide book 


on-job production, test- 
ing, maintenance 


field service installa- 
tions & maint. 





J. B, REA CO. 
Santa Monica, Calif. 


2 with math background 
and about 5 yrs exper. 


none 


READIX computer in 
service facility 





REEVES INSTRUMENT CORP. 
New York City 


full-time educator plus 
assigned engineers 


technical handbook, data 
sheets, test data 


all normal lab eaqpt 
for on-job training 





no 


trips to test dept 
and production line 





Ne veron Div. 


New York C 


25 grads with systems 
& programming training 


various manuals depends 


on specific course 


see field trips 


field installations 
provide ‘‘bench work 





UNDERWOOD CORP 
Long Island City, N. 3 


6 people from programming 


dept., plus analysts 


Elecom 125 system manual 


no 





IV. ASKANIA REGULATOR CO. 


Chicago, ti 


service department 
personne! 


company bulletins 


stock regulators for 
assembly and test 


no 





BAILEY METER CO. 
Cleveland, Ohio 


3 full-time graduate 
engineers 


special manuals 


tool, air, gage 
equipped benches 


no 





THE BRISTOL CO. 
Waterbury, Conn. 


11 guest-lecturing- 
practicing engineers 


data sheets, manuals, 
and textbook reference 


complete bench facilities 
for test, service 


nearby installations 
are visited 





FISCHER & PORTER CO. 


Hatboro, Pa. 


5 service engineers 
& dept. supervisors 


FaP catal 
struction 


$s and in- 
ulletins 


rigs for checking & 
calibrating equipment 


no 





THE FOXBORO CO. 
Foxboro, Mass. 


4 eng. (field, design, 
etc.), 1 instructor 


special texts prepared 
by Foxboro personne! 


complete bench setups 
for 26 students 


no 





GENERAL ELECTRIC CO. 


West Lynn, Mass. 





THE HAYS CORP. 
Michigan City, tnd. 





INDUSTRIAL NUCLEONICS CORP. 
Cc » Ohio 


2 service engineers, 
design eng. if needed 


factory instruction & 
tech. training plans 


bench repair plus std 
test instruments 


visits to GE factor- 
ies to see methods 





10 primarily service, 
plant eng. guests 


Hays instruction man- 
vals & supplements 


operational & cutaway 
eqpt. models 


3-4 hr trip through 
local central station 





8 graduate eng. from 
all departments 


manuals plus appli. eng. 
drawings of systems 


working system units 
plus demonstrations 


visits to factory 
installations 





LEEDS & NORTHRUP CO. 


Philadelphia, Pa. 


2 college grads. with 
test, prod. background 


manuals plus specially 
compiled material 


panels, units, test 
eqpt., shop tools 


no 





MANNING, MAXWELL & MOORE, INC. 
tford, Con 


10 graduate engineers 
with field experience 


instruction manuals & 
sales bulletins 


calibration & trouble 
shooting equipment 


no 





MINNEAPOLIS-HONEYWELL REG. CO. 


Philadelphia, Pa 


7 & supervisor... all 
with field experience 


co. manuals plus special 
staff bulletins 


entire floor of benches, 
test eqpt., panels, etc 


no 





POWERS REGULATOR CO. 


Skokie, ill. 


4 graduate engineers 
part-time 


ISA and ASHVE 
recognized texts 


portable tables 


no 





RELIANCE ELECTRIC & ENGINEERING CO. 


Cleveland, Ohio 


full-time engineers 
plus guest lecturers 


operating instructions, 


eng. manuals, schematics 


electronic panels con 
nected to motors, etc 


no 





THE SWARTWOUT CO. 


Cleveiand, Ohio 


3 people from service 
department 


2-vol. book of instruc- 
tion, well-illustrated 


calib., trouble-shooting, 
using instr. components 


no 





TALLER & COOPER, INC. 
Brooklyn, > 


* . 


3 engineers & tech. men 
experienced in eqpt. 


complete texts on parts, 
assbly, maintenance 


facilities to repair & 
adjust machines 


visits to instalia- 
tions nearby 





TAYLOR ‘4 omen COMPANIES 
Rochester, N. ¥ 


19 application engi- 
neers—2 full-time 


instruction books, tech. 
papers, FR text 


lab space for 32 men 
with men per bench 


factory tour 





Season Pon ELECTRIC CORP. 


4 control engineers 


CYPAK manual 


individual CYPAK 
assemblies 


no 
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THE COURSES THE STUDENTS ENROLLMENT 
NO. IN NO. PER . 
TYPES LENGTH EXAMS COURSE YEAR WHERE FROM PREREQUISITES METHOD ANY walt? 
one type only 1 week final 5 250 from military & distrib- none written application no 
utor service facilities from his employer 
modify to fit student 3-7 wks as needed 18 200 military, airframe mfrs., determined by the cus contractual or other 2 months 
backgrounds airlines, systems mfrs tomer who sends him agreement 
operation; maintenance; 3 days to yes varies 10 to 1,000 aircraft, govt., shipping, depends on course bas customers request 3 months 
overhaul 9 months with course executive aircraft, cargo ic knowledge essential training on specific at most 
products 
spectrometer; 5 days no 40-60 100 metals industry, indus users only are invited write well in only one 
spectrophotometer trial & research labs to attend course advance of Oct. 22 course a 
deadline year 
complete B&l line 5 days no 4-8 50 labs, surgical schools, selected by management nvitation from B&l only 6 
review instrument dealers of respective companies Optical Co courses @ 
year 
Brush “line” course; 5 days no 10 60 manufacturing, re- tundamentals of electr direct application to 5 weeks 
short refresher search, and development and mech measurement Brush or factory rep 
operation; maintenance few hrs to daily 12 from customer plants good electronics back through field sales up to 
theory for supervisors 5 weeks & wily aircraft to refining ground very helpful offices after 3 months 
purchase 
basic theory to 1 week no 150 500 all types of industry none merely write that no 
present-day practices you wish to attend 
management; coding; maint. — 5 mos weekly 30 750 industry, services, an EE degree with pulse write field office 1-3 wks 
Programming others — 3 wks research, etc expr. for maint. course or direct to 
maintenance Pasadena 
maintenance. operation 4 days no 15 150 research & development analog computer nvitation no 
and problem setup groups, industry, govt experience 
cy punch & machine 2 days to weekly 15 70,000 all types of locations, aptitude tests and pre through local office 1 month 
operators; wiring; 4 weeks classes go to them requisite machine exams & local sales reps 
systems 
programming; prog 2 wks weekly 10 250 mfg., process, govt., grad. eng. or mathe write or call and 2 weeks 
maintenance; produc- serv 2 mos business, transport matics, or aptitude make arrangements 
tion techniques 
depends on background 1-2 wks no 10 200 engineering, aircraft, none through correspond variable 
of students chemical, etc ence with J. 8. Rea Co 
level of maintenance 2 wks to no 10 126 across all business & basic knoweldge or by customer or gov few wks 
course varies to group 3 months industry, institutions electronics ernment request 
intro.; programming; 2-8 wks bi-weekly 15 1,500 from industry, busi none except for ad through local AR 2 months 
advanced pr.; logic ness, government vanced programming branch or RR 
training director 
programming; logic 2-4 wks no 20 100 industrial, casualty none contact training no 
maintenance firms, govt., etc director of the 
division 
combustion controls; 2 days no 8 100 steel mills, process must be customers send in name of usually 
edgeguide controls plants in industry man who will attend 
only one course 2 weeks final 20 250 mainly power Co.'s, but none request by letter 54 mos 
some process plants wire, or ‘phone 
varied to meet needs 1-3 wks no 8-10 70 mainly process, but all recommendation by write giving man's not often 
of students areas of industry student's company name & primary 
interest 
only one course 1 week no 10-12 40 all types—no none request on company no 
restriction letterhead 
general course; 3 weeks no 20 250 process industries at least 6 mo exper application from i} months 
special DYNALOG all over world plus h.s. physics, math customer mgmt 
depends on student 1-5 days no 15 150 chemical & metal no but technical back write to Mr no 
backgrounds working industries ground recommended Shattuck, Product 
Service, GE 
basically service 5 days one 25-30 25-30 wherever Combustion must be responsible direct request no 
control is located for Hays eqpt 
oriented to special 1 week simple 12 100 nationwide industrial should be associated letter to yes 
industry groups exercises firms with an instatiation Sales Training Dept 
separate Courses to 2 weeks no 20 700 process, utilities, labs nomination by LAN cus Apply to Philadelphia maybe 
suit industry groups govt., & education tomer or real interest LAN office 
technical & plant; 1 week no 20 60 usually from process users or contractors of ndicate desire to only 3a 
mgt. & sales all welcome MM&M equipment attend course year 
depends on product 2, 3, 5, 314 at end of 20 350 all inclusive none written request +4 mos 
coverage required weeks each subject 
varied to suit 2 weeks final 4 40 various Customers none request through no 
students ocal sales office 
varied to suit indus 1 week daily 12 300 process, ferrous & non Reliance customer with request through 6 months 
try requirements ferrous, machine tool electrical buckground district office 
maintenance; engineer- 5 days no 25 100 primarily comeing 4 none reserve through sometimes 
ing course chemical many others local sales office 
according to 1-3 wks no 7 30 bridge & road authori- must be sent hy automatic if a no 
application ies, airfields company customer 
basic; process control; basic — 2 wks basic course 32 275 process industries try to fit course contact local sales J montns 
dairy; freq. response others ~ 1 wk only to background representative 
one course 1 week no 33 100 industrial cross- none through local yes 
section salesman 
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Chapter V; Volume 1 THE RECRUITMENT AD 
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WITH THE UTILIZATION AND A FINE SPIRIT 
OF SUPERIOR FACILITIES OF COOPERATION. | THE TIME IS NOW! | 
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BURNING PROGLEMS OF THE DAY 
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This is just another 
in the series of advertising spoofs provided as 
e) a public service by the Benson-Lehner Corporation in the 


interests of greater adsmanship. If you're interested 





in finding out what working at Benson-Lehner is really like, write for our free 


illustrated booklet, “Automation Anyone?” Or for information re: data reduction, write 


{ 
| benson-lehner corporation 


11930 Olympic Boulevard, Los Angeles 64, California 
OFFICES: LOS ANGELES; SUMMIT, N.J.; WASHINGTON, D.C.; DAYTON, OHIO; LONDON; PARIS AND OTTAWA. 


Service centers in 15 cities throughout the world. 
For a permanent file of this series write to Benson-Lehner, Dept. D2 for your Adsmanship Handbook folder sy 
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training: all three companies take their students out or even 
up in the air to work on operating systems 

The five makers of analysis and test equipment that answered 
the survey use their brief courses (mainly one week) to focus 
on theory and function rather than field application. This 
approach, they believe, will enable the user to broaden his own An EE for 
ability to put the new tools of product measurement and system 
test to work in the many unplumbed applications in his plant 

Operational techniques are emphasized in the courses offered 
by the five digital manufacturers responding to the survey. All 
recognize the need to equip technicians to program and cod 
(and simply operate) the rather complex digital systems they 
now have on the market. Because of the complexity of thes« 
systems, background is especially important: most firms re 
quire a knowledge of electronics and/or computer experience 
One even suggests that the trainee be a graduate engineer with 
pulse experience if he is to take the maintenance course 

A much broader approach to the service and operation of 
automatic control systems is offered by the 17 industrial con 
trol firms in the survey, whose courses’ run from two days to 
14 weeks. Many in this group have been conducting user schools 
for as long as 20 years, and several have developed special courses 
to suit the industrial background of the trainec 

Over all, the most impressive thing about the survey is the 
astounding number of people that these few manufacturers 
train. Excluding IBM (with its fantastic “mobile” program 
which handles 70,000) roughly 8,000 technicians pass through 8,000 trainees 
the portals of 33 control-maker training schools cach year plus IBM 
What would the grand total be if all programs and all firms 
were included in the survey? 

The tabulation reveals some interesting uniformity in th 
scope of user training by control makers: 

> all courses (with the exception of Koilsman’'s, some of Con 
solidatd Electrodynamics’, and the Westinghouse “CYPAK 
class) are tuition free 

> most firms are staffing their schools with graduate engineers 
many of whom are trained to teach 

> most of the companies require that their “students” b 
customers (at least 12, however, do not) 

One more thing is quite apparent from the table: mor 
than half of all these control-maker schools seems to be enrolled 
to capacity long before classes start. So if you plan to send a 
man—get in your request right now 


maintenance? 
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testing components with Burroughs pulse control systems 


modern methods fortesting cores 
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Electronic Instruments Division * 1209 Vine Street + Philadelphia 7, Pa. 
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Current Driver 
Output To Core 


The future of magnetic cores in information handling 
systems is already well assured. Their high reliabil- 
ity, fast action, small size, and low power consump- 
tion stimulate the imagination of more and more 
engineers working in data processing, weapons 
systems, and control. And every day finds these new 
components included in more new designs. 

One problem still facing those who want to exploit 
these exciting properties is the lack of precise 
uniformity in cores made on a production basis. 
For as Burroughs has found through 5 years of 
working with the pioneers in core applications, 
uncertainties still exist. And before cores become 
standardized, many changes will probably be made. 
Those who want to take advantage of the great 
potential in this new component now must use 
reliable test procedures which precisely check the 
tolerances of each core, and are versatile enough 
to check for the new core specifications of tomorrow. 

Burroughs Pulse Control Systems answer this 
need for leading manufacturers and users of cores 
by simulating the actual conditions under which each 
core produced will eventually operate. When con- 
ditions require a change in core operating character- 
istics, the testing system is changed at will, in a 
matter of minutes, to meet the new requirements. 


ee Me ae 
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fp Hop 




















TESTING FERRITE CORES 


Shown here are typical examples of how these 
core manufacturers, including Burroughs own core 
production department, use Burroughs Pulse Con- 
trol Systems to check tape wound and ferrite cores. 
An interesting booklet describing core testing in 
greater detail is yours for the asking. But if you 
want to test another component by digital techniques, 
just send us your problem. We'll be glad to work it 
out, at no cost, and show you how Burroughs Pulse 
Control Systems can save you hours of engineering 
time and production headaches. 
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ENGINEERING Dr. Robert J. Jeffries, of ‘edit 
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on the clements of a progra f framing 


Les i ld ' 
ple m our hek 


Program for Training 


In today’s ideological conflict between Kast and West, the survival of our 
concepts of individual dignity and opportunity depends chiefly on our con 
tinuing prosperity and on the example we set. ‘This requires, among other 
things, more and better-trained engineers to conceive and design more ma 
chines incorporating the latest products of control technology, and a supply 
of highly skilled technicians to operate and maintain this equipment. It r 
quires also that we continually upgrade existing personnel to enable them to 
keep pace with the growth of the field 

Several things can be done to meet the challenge. Drawing on our know! 


edge and associations, we might address ourselves to the following 
> Bolster science education in secondary schools — this requires better teachers. 


p> Knhance the scope and effectiveness of collegiate programs — this requires indus 
trial and community support. 


Attract people to careers in the control field — this requires broader public ap 
preciation of its content and potential. 


Cultivate a better understanding of our technology at all levels of management 
and employment — this requires an effective and varied industry educational 
program. 


Translate the sophisticated theories of academic and military programs into eco 
nomically justified equipment and techniques for industry — this requires an 
effective two-way communication in needs, interests, practices, and experiences 


Develop a practical way to tap the great reservoir of experience already in the lit 
erature — this requires an effective technique for storing and retrieving that makes 
the information available to all. 


How can we implement such a program? A good start has been made by 
the Instrument Society of America with its recently established loundation 
for Instrumentation, Education & Research (see What's New, page 19). ‘Th 
l‘oundation’s functions will be largely conceptional and catalytic. In general 
it will assist in developing education and research projects in instrumentation 
not only for other societies, but for governmental, industrial, and educational 
groups at all levels. ‘These projects will be nurtured by the ISA, by individual 
industries and industrial trade associations, by civic, labor, and fraternal on 
ganizations, and by educational institutions and government agenci« 

The success of the Foundation’s program — of any program for training 
for that matter — depends on how much support it gets from that group ce: 
tain to benefit the most from it — the men in the field 


ROBERT J. JTEPFRI 
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14-second 
ZlectnoniK recorder 


follows fast-changing variables with 


? . y 
7 ulstanding new features . 
e Simplified design 
e Improved damping 


e High input impedance 





e Continuous standardization 





@ REFERENCE DATA: Write for Instrument Data Sheet No. 10.0-21, 
“Vg-Second Pen Speed ElectronikK Recorder.”’ 
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split-second response 





ESIGNED to meet the spec ial data-recording re 
D quirements of experimental stations, laboratories, 
and research centers, the new !4-Second Pen Speed 
ElectroniK Recorder fills an important gap between 
conventional large-chart recorders and oscillographic 
instruments 


This new ElectroniK Recorder is the fastest large-chart 
instrument available today the perfect solution for 
high-speed plotting of any function that can be reduced 
to a d-c millivolt signal. It offers the investigator ex 
sensitivity, complete flexibility, laboratory pre 
cision the basic plus features of advanced Honeywell 
design. In addition, the recorder incorporates many 
new features the research man will appreciate: 


treme 


Easy range change— Al] components of the potentiom 
eter bridge are located on one bakelite card. To change 
the range, merely put in the appropriate card. 


Hone 


HONEYWELL 


a P 


ywell 


NS TRU 


New design plug-in amplifier—has many times the 
power output of standard units fe high input 
flexible gain control, and 


itures 
impedance, easy accessibility 


rugged construction 

New pen and carriage designs 
paper tearing. Ball point pen easily 
parent cartridge gives visual indication of ink 


prevent pen clogging and 
Trans 
supply 


removed 


New slidewire and contacts—Designed for long life 


under high speed operation 


Your nearby Honeywell sales engineer will be glad to 
discuss ways in which you can benefit new 

;-Second ElectroniK Recorder in your research work 
Give him a call. . 


from the 


. he’s as near as your phone, 


Indus 
venues, Phila 
Ontario 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
trial Division, Wayne and Windrim A 


delphia 44, Pa.—in Canada, Toronto 17, 


Ott 


MENTS 


Fut we Coitiol 











Kvervwhere—but ey eryw here— 
there’s a helpful -hp- engineer 


Throughout North America, in Europe, Australia, and 
other parts of the Free World, there is a Hewlett-Packard 
representative to serve you. Each of these men is 
extensively trained at the -hp- plant, periodically retrained, 
and brought completely up to date on new instrumentation 
and techniques at an annual engineering seminar. 

For your added convenience, factory-level service and 
repairs are also available at points throughout the U. 5S. 
and in Europe. This service is available in cities 
marked (*) in adjoining column. 


HEWLETT-PACKARD COMPANY 


3832 PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘‘HEWPACK"’ DAVENPORT 5-4451 


hp) means complete coverage in service, too! 
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) 


-hp- Sales Engineers in: 


EASTERN SEABOARD 


Asbury Pork, N. J., |. E. Robinson Co., 702 
Mattison Ave., OU 9.2404. Bogota, N. J., R.M.C 
Associates, |14 E. Main St., Di 2-5343. Bridge- 
port &, Conn., Yewe!! Associotes, inc., | 10! E 
Main St., FO 63456. Camp Hill, Pa., |. € 
Robinson Co., 2120 Market St., RE 7-5541. New 
York 21, NM. ¥.@, 8.M.C. Associates, 236 E 
75th St., TR 9.2023. Syracuse 2, N. ¥.8, J. D 
Ryerson Associates, inc., 412 E. Genesse St., SY 
76-8344. Upper Darby, Pa.@, |. E. Robinson 
Co., 7404 West Chester Pike, SH 68-1294. Weal- 
tham 54, Mass.@, Yewe!! Associates, inc., 75! 
Main St., TW 3.7420. Washington 9, D. C.8, 
Horman Associates, inc 2017 S St., N. W., 
DE 2-5705 


SOUTHEASTERN STATES 


Atlanta 5, Ga., Bivins & Caldwell, 3133 Maple 
Dr., N.E., CH 7522. Fort Myers, Fla., Arthur 
Lynch & Associotes, P. O. Box 466, ED 4-443) 
High Point, N. C., Bivins & Coldwell, Security 
Bonk Bidg., 2672 


CENTRAL STATES 


Chicago 40, 111.8, Alfred Crossley Associotes 
Inc., 4501 No. Ravenswood Ave., UP 8-114! 

Cleveland 21, Ohio, S. Sterling Co., 431! 
Mayfield Rd., EV 2-4114. Dayton 9, Ohio, 
Alfred Crossiey Associates, inc., 53 Park Ave., 
OX 3594. Detroit 35, Mich.@, S. Sterling Co 

15310 W. MecNichols Rd., BR 3-2900. Kansas 
City 30, Me., Harris-Hanson Co 7916 Paseo 
Bivd., Hi 4-6744. Pittsburgh 22, Pa., S. Ster 
ling Co., 355 Fifth Ave., AT 1-9248. St. Louis 
17, Me., Harris-Hanson Co., 2814 So. Brent 
wood Bivd., Mi 7-4350. St. Paul 14, Minn., 
Alfred Crossley Associates, inc., 2388 University 
Ave., Mi 5-4955 


SOUTH CENTRAL STATES 


Dallas 9, Tex.@, Ear! Lipscomb Associates, P 
©. Box 7084, EL 5345. Houston 5, Tex., Ear! 
Lipscomb Associates, P.O. Box 6573, JA 4-9303 


WESTERN STATES 


Albuquerque, N. M., Neely Enterprises, 107 
Washington St. S. E., 5-5586. Denver 3, Colo., 
Hytronic Measurements Associates, 446 Broad 
woy, SH 4-224). Las Cruces, N. M., Neely 
Enterprises, 126 S. Water St., JA 6-2486. Les 
Angeles, Calif.@, Neely Enterprises, 3939 Lan 
kershim Bivd., No. Hollywood, $1 7-072!1. Phoe- 
nix, Ariz., Neely Enterprises, 64! E. Missouri, 
CR 4-543!. Sacramento 14, Calif., Neely En 
terprises, 1317 - 15th St Gi 2-8901. Sen 
Diego 6, Calif., Neely Enterprises, 1029 Rose 
crans St., AC 3-8106. Sen Francisco 18, 
Calif.@, Neely Enterprises, 2830 Geory Bivd 

WA 1.2361. Seattle 99, Wash., Ron Merritt 
Co., 120 W. Thomas St., GA 6644 


CANADA 


Terento 10, Ontario, Atias Radio Corp., Ltd., 
50 Wingold Ave., RU |-6!174. Winripeg, Man- 


Weba, Aticos Radio Corp ltd., 505 Mcintyre 
Bidg 
EUROPE 


Belgium, Société Belge Radio—Electrique, 66, 
Chaussée de Ruisbroek, Forest - Bruxelles. Den- 
meork, Tage Olsen A/S, Centrumgarden, Room 
133, 6D, Vesterbrogade, Copenhagen V. Fin- 
lend, into 0/Y, 11 Meritullinkotu, Helsinki 
France, Radio Equipements, 65, Rue de Riche 
lievw, Paris — 2°. Germany, Schneider, Hen 
ley & Co. G.M.B.H., Gross - Nabos - Strasse |, 
Munchen 59. Great Britain, Lithgow Electronics 
itd., | Grange Court, Sudbury Hill, Harrow 
Middlesex. Greece, K Karoyannis, Karits 
Square, Athens. Italy, Dott. Ing. Mario Vie 
nello, Vie lL. Anelli 13, Mileno. Netherlands, 
Cc. N. Rood, 37 Weteringkade, The Hagve 
Norwey, 7. N. Biorn, Tollbodgt, 4, Osie 
Sweden, Erik Ferner, Biornsonsgatan 197, Brom 
ma. Switzerland, Max Pau! Frey, Lovpen 
strasse 2, Bern. Yugoslavia, Belram Electronics 
43 Ch. de Charleroi, Brussels, Belgium 


Australia, Geo. H. Sample & Son Pty. itd 
17.19 Anthony St Meibourne C.!. Gee. H 
Somple & Son Pty. itd., 280 Castlereagh St 
Sydney. Japon, Seki & Co., Ltd., No. | Kondo 
Higashi—Fukudocho, Chiyode - Ku, Tokyo. Mex- 
leo, RCA Victor Mexicanc, S.A. de C.V., Av 
Cuitiohvec 2519, Mexico 16, 0. F. New Zeea- 
land, Geo. H. Sample & Son (N.Z.) itd., 43! 
Mt. Aibert Rd., Mount Roskil! $.1, Aucklend 
Union of South Africa, fF. H. Flanter & Co., 
4 Buitencingle St., Cape Town 


(B) Indicates factory-level service ov ble 

















How Two Companies Meet Their 
Needs for Control Technicians 


THE GIST: In a manufacturing or processing 
business, control reliability, achieved through 
prompt and competent instrument maintenance, 
results in increased efficiency and production. 
Without effective maintenance, failure of even 
a single instrument or component can result in 
excessive losses. One way to obtain this effec- 
tive maintenance is to establish a comprehensive 
training program. Such a program requires 
time and money, but the benefits realized far 
outweigh the expense. 

The company benefits through the reduction 
of future maintenance costs and improved cur- 
rent production, the technician benefits through 
increased morale—he becomes an important 
asset to the company, sees opportunities for 
recognition, advancement, and financial reward. 

Recognizing that it might be more expensive 
not to train instrument technicians, many com- 
panies have made maintenance training pro- 
grams a major function of their instrument de- 
partments. In this article two companies—Car- 
bide & Carbon Chemical Co. and Ford Motor Co. 
—tell CONTROL ENGINEERING readers about 
their successful training programs. 


HARRY R. KARP, Control! Engineering, 
with Harry Homewood, McGraw-Hill, Detroit, 
John J. Dwyer Jr., McGraw-Hill, New York 


Engineers, chemists, physicists, and metallurgists 
strive to improve existing manufacturing processes 
and develop new processes for one reason: increased 
productive yields. Achievement of this goal depends 
to a great extent on the complex instrumentation 
which keeps the plant under good control and run 
ning efhciently day in and day out for years. Thus 


a great deal of responsibility for keeping up produc 


tion falls to the company's instrument department, 
and more particularly, to this department's imstru 
ment maintenance group 

Not only must this group perform routine fun¢ 
tions, such as overhauling, calibrating, and servicing 
but it must also be prepared to handle emergenci 
and to modify existing instruments and install new 
types demanded by plant and process improvements 
This is why training programs for instrument tech 
nicians have become such an integral part of com 
pany operations. ‘These programs, varying from com 
pany to company, illustrate by their very difference 
what each company wants in the way of trained tech 
nicians. ‘That is why a full-scale survey of the pro 
grams would simply obscure many important features 
of good training. And why Conrrot ENciverrinc 
has decided to limit this article to two highly-su 
cessful training programs, one representing the wet 
process industry, the other manufacturing 
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HOW CARBIDE TRAINS ITS INSTRUMENT MAINTENANCE MEN 


i. 1. Thomas, chief instrument engineer at Car 
bide & Carbon Chemical Co. in South Charleston, 
W. Va., cites the training program established at 
Carbide’s new Seadrift, ‘Tex. plant by instrument 
engineers Jack Walthaii and~Hubert Liford. ‘These 
key men, transferred from South Charleston, were 
faced with the problem of selecting trainees with 
little or no experience in instrumentation or elec- 
tronics and converting them into accomplished 
instrument maintenance technicians. ‘Their first 
step was to bring in a trained industrial teacher 
to help prepare personnel selection procedures, train- 
ing aids, study guides, and training manuals. 


Pick the right people. . . 


Because this is a new installation the men selected 
for the instrument training course are brand-new 
employees. All, then, are first screened to see they 
meet Carbide’s usual employment requirements. 
Next, however, come evaluations to determine 
whether they can learn fast, absorb new information, 
and become technically proficient. 
To ascertain these qualities, Carbide uses three 
widely-known tests. ‘These tests, previously used at 
Carbide’s ‘Texas City plant, showed excellent corre 
lation between prediction of a man’s success as a 
trainee and his actual success after the training 
period, These tests are: 
>» Mechanical Comprehension Test, by Dr. George 
K. Bennett 

> General Intelligence Test, by E. F. Wonderlic 

> Industrial Training Classification Tests, by C. H. 
Lawshe and A. C, Moutoux 

The personnel department is always on the look 
out for men with previous electronic experience, and 
these are then interviewed by the instrument depart- 


66 CONTROL ENGINEERING 











FIG. 1. “In our training laboratory,” reports Carbide’s Liford, 
“we have two inlepaeivel processes. The first process (top) 
is an open tank with a Model 40 Foxboro level controller and 
a motor valve in the water outlet of the tank. We have a 
circulating pump, an orifice run, and a Foxboro - cell 
transmitting to a ‘Taylor control station with a Foxboro Model 
58 controlling a motor valve in the circulating line. 

“The second system is a closed process (bottom). We have 
a pressurized tank and a ‘Taylor pressure controller controlling 
the pressure by two valves. A ‘Taylor temperature transmitter 
in the circulating line transmits to a Taylor control station and 
through a — hoe Model 58 controls the valve in the 
stream of a heat exchanger. The tank liquid level is controlled 
by a Fisher Float type controller actuating a valve in the drain 
line from the tank. 

“The operators use these instruments and processes to 
familiarize themselves with process control. The instrument 
man uses the instruments in conjunction with his Procedures 
Training and also operates the process to gain knowledge and 
experience on the control problems. I can simulate control 
problems and he can correct them or learn to diagnose them by 
operating the unit.” 


ment managers. In discussing this practice at Car 
bide’s recent interplant conference on instrumenta 
tion, Liford said: “I can foresee in the future great 
strides in electrical instrumentation, and it has been 
our experience that it is harder to teach a person 
electronics than it is pneumatics and mechanical 
instruments. If he has that background, he can 
apply that knowledge in very many ways to pneu 
matic and mechanical instruments, and we feel that 
if we can get a person with electrical training almost 
half of our training is accomplished right there.” 


Train them thoroughly . . . 


The complete instrument maintenance training 
course covers about three and a half years. However, 
the exact length of time varies from trainee to trainee 
Rather than force each man to progress at the same 
rate, Carbide adjusts the course to individual needs 
so that people who need more time to learn may 
have it. At the present time 17 students are being 
put through at Seadrift. No one has failed, no one 
has dropped out voluntarily, and all have received 
advancement. A similar program, with eight stu 
dents, at Carbide’s Torrance, Calif. plant, is pro 
ceeding with the same success. 

Seadrift’s training program consists of three phases, 
each of which gives the student three and a half 
hours of class and laboratory work per week, on com 
pany time. The more the men learn about instru 
mentation through their schooling, the more they 
apply on the job, where they work with more experi 
enced maintenance men. And as their ability 
increases, so does their responsibility. 

The first phase of the Seadrift training program 
makes use of company-prepared text—Instrument 
Mechanics Base Training Manual. ‘This manual, 








illustrated and simply-worded, introduces the trainc 
to his job and his responsibilities 
these subjects 


Seven parts covet 


>THE JOB—duties, emergencies, housekeeping 
and safety 


>THE PLAN’! KOUIPMEN'T — valves, steam 
traps, pumps, compressors, turbines, clectric 
motors, packing, equipment safety devices 


columns, heat exchangers, and separators. 

> THE PLANT-MATERIALS ~— air, gas, water, 
steam, electricity, caustic and lubricating oil 

> THE SCIENCE—basic physics and underlying 
fundamentals of temperature, pressure, et 

> THE PLANT-PROCESSES—fluid flow. and 
heat transfer, and their applications in distilla 
tion, absorption, stripping, drying, cracking, and 
steam generation. 

FP FUNDAMENTALS OF MEASUREMENT 
temperature, pressure, flow, et« 

> FUNDAMENTALS OF INSTRUMENTA 
‘T1ON—tecorders, charts, ink, pens and pen 
arms, print wheels, and motor valve construction 


The Basic ‘Training Manual familiarizes the 
trainee with his overall responsibilities, shows him 
how his section relates to other departments and 
groups, and creates an attitude of teamwork. In 
short, it integrates him into company operations 

Upon successful completion of the first step in 
his training (as determined by inventory tests given 
before starting and after completion) the train 
enters the second step, learning detailed procedure 
Here another manual is used—Instrument Mainten 
ance Detailed Procedures Manual—which is a com 
bination of pertinent manufacturers’ literature and 
company-prepared detailed procedure sheets. 

The detailed procedure sheets apply to all instru 
ments of that particular classification used in th 
plant. Procedures cover servicing, overhauling 
troubleshooting, and range changing. In addition 
the sheets refer to the applicable manufacturers’ bul 
letins included in the manual. 

A typical procedure sheet for a differential pressure 
indicator goes into such detail as 

check bearing and pivots 

clean and straighten 
check linkage and bearing 

free if binding, or replace if sloppy 
check zero 

close both lead valves 

open by-pass valve 

turn zero-adjustment screw until pointer is on 

ZCTO 

open one lead valve 

close by-pass 

open other lead valve 

Manufacturers’ bulletins included in the manual 
reflect the plant’s extensive instrumentation, which 
the men are trained to maintain. In this way thy 
trainees receive benefits from their education, and the 
company from rapid and reliable maintenance of 








TABLE 1—INSTRUMENT MANUFACTURERS’ BULLETINS 
ADAPTED FOR TRAINING AT CARBIDE 


PRESSURE 
Bailey Meter Co. Multi-pointer Gauge Section M-42-1 
Foxboro Co. Pressure Recorder Catalog #6-10 
Foxboro Calibration of Link Type Instrument Section 1-510 
DIFFERENTIAL PRESSURE 
Bailey Fluid Meters for Steam Liquid Gauges 
Barton Instrument Corp. Flow Meters Bulletin 11C4 
Foxboro Instrument Diagrams with Explanatory Notes 
Foxboro Flow Meters Bulletin 460-1 
TEMPERATURE 
Taylor Instrument Cos. Dial Thermometer Bulletin 98214 
CONTROLLERS 
Bailey Mini Line Equipment B. G. 040-2 
Foxboro On-Off Controller Section 11-215 
Foxboro Model 40 Controllers Bulletin 461-2 
Foxboro Controllers Section 11-452 Model 40 Stabilog, 
Putting into Operation 
Fisher Governor Co. Level-trols Bulletin F-3 
Mason-Neilan Liquid Level Controller Series 12,000 
TRANSMITTERS 
Foxboro d/p Cell Bulletin 420-1 
Foxboro Pneumatic Transmission Bulletin 415 
Moore Products Co. H/P Differential Pressure Transmitter 
Bulletin 1101 
Taylor Transaire Control System Bulletin 98097 
RECEIVERS 
Bailey Instruction Section P11-2 For Operation and Main 
tenance 
Foxboro Model 52 Consotrol Controller-Calibration of Pneu 
matic Receivers 
Taylor Transet Recorders Bulletin 92106 
MOTOR VALVES 
Fisher Diaphragm Motor Valves Bulletin FG-40 
Foxboro Pneumatic Control Valve Bulletin 277-2 
VALVE POSITIONERS 
Bailey Positioner Section P99-31 
Foxboro Vernier Valvactor Type B Section 12-336 
POTENTIOMETERS AND BRIDGES 
Foxboro Dynalog Sections 16-300 and 16-350 
Brown Inst., Minneapolis-Honeywell Reg. Co 
Section 1467 
Leeds & Northrup Co. New Horizons with Speedomax ND 
46-1954 





Instructions 





TABLE 2—BOOKS FOR YOUR TRAINING COURSE 


Detailed company-prepared texts and manufacturers’ bulle 
tins which make up most of the material for instrument 
maintenance training courses, often are supplemented by 
general books on instrumentation and related subjects. The 
foliowing, used in the three-year training course of another 
instrument user, show the range of subjects taught here and 
serve as a guide in selecting training material for compre 
hensive instruction. Trainees receive these books in the 
order stated below as they advance in the program 

1. PRACTICAL MATHEMATICS, PART |: Arithmetic with Ap 
plications, Palmer Bibb, McGraw-Hill Book Co., Inc., New York 

2. VITALIZED PHYSICS (A Rapid Review of Physics), Carlton, 
College Entrance Book Co., New York 

3. FUNDAMENTALS OF PRESSURE AND TEMPERATURE IN 
STRUMENTS, Delmar Publishers, Albany, N. Y 

4. INSTRUMENTS AND PROCESS CONTROL, Delmar Publish 
ers, Albany, N. Y 

5. BASIC ELECTRICITY, VOL. I, Van Valkenburgh, Nooger, 


and Neville, John F. Rider Publisher, Inc., New York 
6. BASIC ELECTRONICS, VOL. |, Van Valkenburgh, Nooger, 
and Neville, John F. Rider Publisher, Inc., New York 
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the instruments and assurance of full production 
The bulletins encompass these subjects 

> pressure > transmitters 

P differential pressure © receivers 

> temperature © motor valves 

> contrellers > valve positioners 

P potentiometers and bridges 

Table I shows the variety of bulletins on each cf 
these subject categories used in the Seadrift pro 
gram. Other instrument users follow a similar pat 
tern, adapting to their own programs the literature 
of manufacturers whose instruments have been 
installed in their plants. 


Formal training 


The third and last phase of the Seadrift training 
is more detailed and formal. Classes again aver 
age about three and a half hours per week and the 
phase itself runs for about three years. Here, the 
student learns about: 

© mathematics of instruments 

> fundamentals of science 

> basic instrument electricity 

P electron tube basics 

> blueprint reading and sketching 

P introduction to shop practices 

© tool and testing facilities 

> pressure instruments 

> flow measuring instruments 

P liquid level instruments 

> electrical instruments 

The books in ‘Table 2 are used for this more 
comprehensive and general training phase. ‘These 
books have been employed successfully in the instru 
ment maintenance training program of another large 
chemical manufacturer. : 


Bolster with training aids 


A most important part of the training program 
consists of the training aids made available both to 
trainees and instructors. ‘They include study guides 





for the trainee, training guides for the imstructors, 
a reference library, and a laboratory. 

Study guides, one for each manual, help the 
trainee to pick up the salient information contained 
in the manuals. 

Training guides, again one for each manual, aid 


the instructor in his presentation. ‘They suggest 
points to emphasize, slides to show, experiments to 
perform, etc., so that the lesson can be put over 
clearly and logically. 

The training laboratory familiarizes the trainee 
with process loops, control loops, trouble diagnosis 
in process and instruments, and instrument servic 
ing. Figure 1 shows the training processes in the 
laboratory. ‘These processes and their controls arc 
described by Liford in the caption to this figure 


And keep on training 


The degree of competence attained in training 
depends, to a great extent, on the trainees them 
selves. Native intelligence and ability, personality 
traits, attitude, and willingness to keep on learning 
and growing determine just how far up the promo 
tion ladder the instrument maintenance tech 
nicians can go. At Carbide qualified men become 
group leaders; and some become engineering assist 
ants in the instrumentation department. ‘This opens 
up completely new vistas, with a new promotion 
ladder to travel. Some continue their training by 
going nights to engineering school. 

But even the men who go no further than the 
instrument training program must continue to learn 
“After these trainees have completed the last phase,” 
explains Thomas, “they are then qualified instru 
ment technicians. However, it is not expected that 
their training will stop at this point 
techniques and methods are continually appearing in 
the field of instrumentation, and as these devices and 
techniques are used, the men will be given brief 
courses so that they will all be familiar with modern 
types of instrumentation.” 


since new 


HOW FORD MOTOR COMPANY TRAINS ITS CONTROL TECHNICIANS 


TABLE 3—TRAINING TEXTS SELECTED BY FORD 
for teaching electricity, hydraulics & pyrometry 


Industrial Electricity, Nadon & Gelmine, D. Van Nostrand Co., 
Inc., New York. 

National Electrical Code, Pamphlet No. 70, National Board of 
Fire Underwriters, New York. 

Basic Hydraulics, No. 16193, Bureau of Naval Personnel, Super- 
intendent of Documents, U. $. Government Printing Office, 
Washington, D. C. 

Simplified Industrial Mathematics, Wolfe, Mueller, & Mullikan, 
McGraw-Hill Book Co., Inc., New York. 

Electric Circuits & Machines, Lister, McGraw-Hill Book Co., Inc., 
New York. 

Hydraulics as Applied to Machines, Vickers, Inc., Detroit, Mich. 

Visualized Physics, Taffel, Oxford Book Co., New York. 

Fundamentals of Pressure and Temperature Instruments, Del- 
mar Publishers, Inc., Albany, N. Y. 

Instruments and Process Control, Delmar Publishers, Inc., 
Albany, N. Y. 
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Hard-goods manufacturing enterprises, represented 
here by Ford Motor Co., require control technicians, 
too. Ford considers maintenance so important that 
it has established a separate Training Dept. for 
apprentices and journeymen as part of its industrial 
relations program. Courses run for four years. For ar 
applicant to be eligible, he must have at least a high 
school diploma and technical aptitude. 

Of the 24 courses in the apprenticeship group, 
three cover training of control technicians. Thes« 
offer comprehensive instruction in industrial elec 
tricity, hydraulics, and pyrometry. ‘Table 3 lists the 
books used in these courses. Graduates are well 
grounded in their specialties and have a working 
knowledge of related technical activities in thei 
plants. Their next step is to journeymen; after 
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FIG. 2. 


Working with the detailed electrical sequence of operations for a cam contour and its asso 


ciated schematic, prepared by Ford's Training Dept., the trainee traces, in color for emphasis, the cireuits 
energized during one portion of the machine's grinding cycle. He continues in this manner until he is 
completely familiar with all electrical functions. He learns about hydraulic sequence in the same way 


which refresher courses keep them informed on latest 
developments 


Ford’s refresher courses 


additional 
experienced 


These training familiariz« 
journeymen with new production 
machines, manufacturing techniques, control circuits 
and maintenance methods. Courses run from 44 to 
60 weeks. During this time the men attend classes 
for one or two full days per week and work at thei 
regular jobs for the balance of the work week 

These programs reappraise skills and provid 
instruction in maintenance of the more advanced and 
complicated production machinery. Ford people say 
that new machinery replaces the old so rapidly that 
even three years may be too long a time between 
refresher programs if journeymen are to stay abreast 
of latest developments. This doubt becomes doubly 
understandable when it is realized that some of the 
machines cost well over a half-million dollars and 
produce many times their cost in useful goods 

Generally, a 


courses 


refresher centers around 
equipment, a completely 
automatic crankshaft manufacturing machine, or a 


class of machines, such as grinders 


cours¢ 
special-purpose such as 
Visual aids and 
detailed instructions are prepared by the Training 
Dept. For instance, in tracing the control circuit 
of a cam contour grinder, the student uses master 
drawings of the hydraulic and electrical circuits. Vou 
cach sequence in the machine's operation, he trac 
out on transparent circuits, com 
ponents, and interlocks that are energized and fun 
tional. By means of different colors for the electrical 
and hydraulic circuits, he soon comes to understand 
the functioning of the machine so that he can 
rapidly diagnose and repair any trouble. The detailed 
instructions are shown in Figure 2 with a typical 
overlay developed by the trainee 

Ford also runs training programs for nonprodu 
tion personnel. One is a course in electronics given 
to Engineering Staff maintenance men. The 65 lec 
ture sessions and five examination sessions run from 
electronics basics, such as static electricity and elec 
trical units, to detailed discussions of commercial 
equipment, such as variable speed controls, dynamo 
meters, and welding controls, employed in the engi 
neering departments 

The electronics course 


overlays those 


begins with Ohm's Law 


power, circuits, magnetism and inductance, ac and 
generators, tran 
meters, and color codes 
advances to basic tube 
voltage multipliers, cold-cathode gas and 


de motors and formers, clectrical 
After an exam, the trance 
functions, rectiher circuits 
mercury 
pool tubes, operating principles of tubes, amplifiers 
timers, and 
Start 


mstruction centers on 


testing electronic equipments, clectroni 


the amplidyne hen comes another exam 
ing with the 26th session, hi 


the equipment he will be called on to maintain. At 











FIG. 3. Instructor William Zimmelman lectures 
on variable speed control circuits to a group of Ford 
Motor Co employe es studying clectrical maintenance. 


lord's Highland Park, Mich 
equipment includes: electronic control 
clutches, saturable core reactors and magnetic ampli 
fiers, the General Electric ‘Vhyrotrol 
Reliance motor speed controls, Gl 
de dynamometers, W<« 
welders, and Honeywell temperature control 


tractor pl mt thi 


fo! d hada 


eral type ot 
inductor and 


tinghouse dynamometer 


lull use is made of training ai is shown by the 
photograph (Figure 3) taken during one of th 
Here, the 
the principles of a motor speed control circuit 
on the table the controller and it 
await a more detailed review. ‘I\ pical of other train 
ing aids is the board in the upper 1 


istructor discuss 
while 


ompon nt 


later course sessions 


ighit portion ot 


the photo, which incorporates, for casy visualization 
the actual components of a control superimposed o 
its circuit 
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TRANSISTORS: 


A New Class of Relays 


When used in a common emitter circuit with their base terminals as the 
input electrodes, alloy junction transistors and surface barrier transistors 


behave remarkably like single-contact relays. 


This article shows, very 


simply, how they can take the place of these relays in logic networks and 


storage elements. 
the corresponding transistor circuit. 


In each case, the relay circuit is described first; then 


These transistor circuits operate at very low power levels, which with 
their fast switching speeds makes them ideal for digital computer applica- 


tions. 


By triggering sensitive relays or thyratrons, however, they can 


control conditional actions in higher-power control systems, too. 


RALPH B. BROWN and RALPH H. BETER, Philco Corp. 


‘Transistors can be used to advantage in place of 
relays in low-level signaling and switching applica 
tions, because the transistor can perform the samc 
function as a single-contact, normally-open relay 
With the transistor, switching power is negligible 
and switching speed is higher than any clectro 
mechanical relay can provide. ‘I'wo types of transis 
tors have been found to work especially well in 
rclay-type circuits. One type is the alloy-junction 
transistor, with switching speeds in the 3-to-10 
microsec range, and the other type is the surface 
barrier transistor, which is 50 to 100 times faster. 


TRANSISTOR-RELAY ANALOGY 


The form of the relay circuit in which a transistor 
might be placed is shown in Figure 1. The relay 
contacts are connected in series with a resistance 
and a battery. Obviously, unless the relay coil is 
energized by applying a voltage between coil terminal 
b and ground, the relay contacts will not close and 
no current will flow in the load resistance. ‘There 
fore, the voltage existing between point ¢ and ground 
will be the same as the voltage supplied by the 
battery 

If a voltage is applied between terminal b and 
ground, current will flow in the coil, the relay con 
tacts will close, and current will flow in the load 
resistance. ‘The voltage measured between point ¢ 
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and ground will now be zero, since point c has 
been connected directly to ground through the relay 
contacts. 

In the single relay switching circuit of Figure |, 
the contacts will be closed when sufficient current 
is flowing in the relay coil, and will be open if 
little or no current is flowing in the coil 

I'he action of a transistor in a switching circuit 
is exactly analogous to the action of the relay circuit 
just described. However, before going into a dis 
cussion of the transistor switching action, it may 
be well to review the physical and electrical chat 
acteristics of the transistor itself. 

The transistor is a semiconductor device with three 
terminals, one each for the base, the collector, and 
the emitter. Of the wavs to connect to these termi 
nals in a switching circuit, the most practical is 
to use the emitter terminal as a common terminal 
for both input and output. ‘This arrangement 
called the grounded-emitter configuration, provides 
more current gain than any other. The input te: 
minals are base and emitter, and the output termi 
nals are collector and emitter 

lhe transistor is basically a current-operated de 
vice. A small base current in the proper direction 
will control a much larger collector current in a 
grounded emitter transistor circuit. Such a circuit 
shown in Figure 2, can be used as a current switch 

















very much like the way the relay was used in igure | 

In the circuit shown in Figure 2 b, c, and e¢ are 
the base, collector, and emitter terminals, respec 
tively. Within the transistor are two diodes: one 
formed by the base and emitter, has a low impedance 
to-current flow in one direction and a high impedance 
in the reverse direction; the other is formed by the 
collector and base. However, a transistor is more 
than just two diodes, because its characteristics de 
pend upon the interaction of the elements that mak« 
it up. 

Normal operation polarites for the transistor 
are such that the base-emitter diode is biased in the 
forward direction, the direction of easy current flow, 
and the collector-base diode is biased in the revers« 
or high impedance direction. ‘This means that in 
normal operation of either surface barrier transistors 
or pnp alloy-junction transistors, both the collector 
and the base are 
supplies 


connected to negative voltage 
The base current lowers the impedance 
of the collector circuit to the flow of reverse cut 
rent so that a larger collector current can flow 

In Figure 2 the collector is connected to the bat 
tery’s negative terminal through the load resistance 
and the base-emitter diode is biased in the forward 
direction when a negative voltage is applied from 
the base terminal to ground. The 
normal current flow in the transistor is 


the arrows i,, i,, and ji Ihe 


direction of 
indicated by 
emitter current in 


FIG. 1. 
FIG, 2. 


© 


Single-relay switching circuit 


Single-transistor switching circuit. 


a | 

















1 grounded emitter circuit is eq il to the sum of 
the collector and base currents 
Ihe current gain of a transistor | 


of a, in 


usually given 


much the same manner as the 
voltage gain in a vacuum tube | 


Lhe alpha of a transistor is defined as the ratio of 


in terms 
expressed as p 


the change in collector current to a corresponding 
tant collector volt 
age. ‘This ratio is always less then 1.00 for junction 


change in emitter current for con 


and surface barrier transistor 


Another expression for current gain, known as £ 


is more useful in switching circuits. ‘The beta of a 
transistor is defined as the ratio of a change in col 
lector current to the corresponding change in base 
current for constant collector to emitter voltage 
lhis ratio is usually much greater than unity It 
is normally in the range 25.0 to 50.0, but it may 
be even higher. ‘This means that if the base current 
in the usual grounded emitter transistor is imereased 
by 100 microamp, the corresponding increase in col 
lector current will be between 2.5 and 5.0 milliamp 
When no voltage is applied to the transistor base 
no current will flow in the base circuit, and the 
collector-to-emitter impedance is very igh. Under 
these conditions the transistor is essentially an open 
circuit he voltage measured between collector 
and emitter is approximately equal to the supply 
voltage, since no current flows in the load resistance 
If the base is energized by a negative voltage so 
VIG, 3. A three-input relay OR circuit 
VIG, 4. A three-input transistor OR circuit 
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that a forward base current flows, there will be a 
much larger current in the load circuit, and the 
collector to emitter voltage, due to the voltage 
drop across the load, will be practically zero. Note 
that this is exactly the same switching action that 
was obtained with the relay circuit of Figure 1. 

‘The base terminal of the transistor corresponds 
to the relay coil terminal, the collector terminal to 
the ungrounded relay contact, and the emitter ter 
minal to the grounded relay contact and coil termi 
nal, The operation of the transistor is so similar 
to that of the relay that any relay of the type shown 
in Figure | may be replaced directly by a junction 
or surface barrier transistor and, providing the power 
rating of the transistor is not exceeded, the circuit 
switching operation will remain unchanged 

Use of the surface barrier transistor permits ex 
tremely fast switching operations. The time required 
to turn a surface barrier transistor switch “on” 
(to the state where large load current flows) is from 
0.08 to 0.10 microsec. The time required to turn 
it “off” is slightly longer, being on the order of 0.10 
to 0.12 microsec 


SIMPLE SWITCHING CIRCUITS 


Perhaps the simplest type of switching circuit is 
one which performs a switching action if any one 
of two or more input conditions are satisfied. In 
terms of switching circuit “logic” this is called an 
OR circuit, A three-input circuit of this type, using 


relays as switches, is shown in Figure 3. It is easy to 


see that if any one of the three relay coils is energized, 
its contacts will close and current will flow in R,, 


the load resistance. In fact, if a voltage is applied 
at x OR y OR z OR any combination of x, y, and z, 
the corresponding relay contacts will close and cause 
current to flow in R;. In general, an OR function 
can be performed by two or more switches connected 
in parallel. 

The three relays in Figure 3 may be replaced 
directly by three transistors with their emitters 
grounded, as shown in Figure 4. If transistors 1, 
2, and 3 in this figure have no base current flowing, 
cach collector-to-emitter path is equivalent to a very 
high impedance, and practically no current will flow 
in the load resistance 

If a small negative voltage, around 0.2 or 0.3 
volt, is applied to the base of transistor 1 in Figure 4, 
the resultant base current will be between 500 and 
1,000 microamp. Much more current than this may 
flow in the collector circuit of this transistor because 
of the current gain from base circuit to collector 
circuit. However, the supply voltage establishes a 
maximum value of about 1,500 microamp of current 
that can flow in the 1,000-ohm load resistor. As 
collector current increases toward this value the col 
lector voltage decreases in magnitude and approaches 
ground potential. Actually, the current gain of a 
transistor decreases as the collector-to-emitter volt 
age approaches zero, so that the collector really 
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never reaches ground potential. However, the col 
lector to emitter voltage does decrease to approxim 
ately 0.02 to 0.03 volt, which is near enough to 
ground for switching purposes to be referred to as 
ground. The actual collector current flowing when 
transistor 1 is turned “on” is between 1,470 and 
1,480 microamp. 

If the base of transistor 1 is now deenergized, the 
base current will drop to zero, as will the collector 
current, permitting the collector potential to return 
to the supply voltage level. Obviously, the same 
result is obtained if any of the other transistors are 
turned “on” or if any combination of the transistors 
is turned “on”. Again, this is exactly the same kind 
of switching actions as can exist in the relay circuit, 
since load current flows only when one or more of the 
relay coils (or transistor bases) are energized 

This OR type of circuit enables several inde 
pendent signals of different origin to perform the 
same given switching function without the sources 
of the signals interacting. ‘That is, each relay or 
transistor in an OR circuit acts as a buffer or isolat 
ing element. 

A single relay or transistor acts not only as a buffer 
but also as a signal inverter, in the circuits shown 
That is, in the case of a relay driving a relay, energiz 
ing the coil of the first relay short-circuits or deen 
ergizes the coil of the second relay. In the analogous 
case of a transistor driving another transistor, shown 
in Figure 5, turning transistor | “on” causes transistor 
2 to be turned “off,” and vice versa. An OR circuit 
also has the inverting property 

\ second type of switching circuit is one which 
performs a switching action if, and only if, all the 
inputs (relay coils or transistor bases) are energized 
simultaneously. This circuit is called a coincidenc« 
or AND gate. A circuit of this type in Figure 6 uses 
relays as switches. This circuit shows that current 
can flow in the load resistance only when all three 
sets of relay contacts are closed, and contacts will be 
closed only when enough voltage exists across each 
of the three relay coils 

To study the operation of this AND gate, assume 
first that all three coils are energized and all the 
contacts in the gate are closed, and then that a relay 


coil, for example, the coil for relay 2, is deenergized 


This will open the contacts of relay 2, which will 
break the ground-return path for relay 3’s coil cu 


rent. This will deenergize relay 3 and cause its con 


FIG. 5. Two switching 
stages in cascade be 
have inversely; 1 is “on” 
when 2 is “off”, etc 





FIG. 6. Three-input relay AND gate. 


IG. 7. Three-input transistor AND gate. 


tacts to open. In general, deenergizing any one ot 
more of the three relay coils will break the ground 
ing circuit through which the current through R, 
must pass. In addition to carrying the load current 
the contacts of each relay must also carry the cu 
rent required to energize the coils of all the relays 
above” it in the AND gate. It may be seen that 
load current will flow only if all the input terminals 
are energized simultaneously 

I'he transistorized AND gate can also be obtained 
by the direct substitution of transistors for relays 
Ihe action of the three-input AND gate for tran 
sistors, shown in Figure 7, is exactly analogous to the 
operation of the relay circuit. Assume that the base of 
transistor | is energized. Base current will flow, and 
the collector of transistor 1 will assume a potential 
essentially that of ground. If the base of transistor 
2 is now energized, base current can flow since this 
current is now supplied by the collector current of 
transistor 1. Similarly transistor 3 can now be energ 
ized, and its base current will be supplied by the col 
lector current of transistor 2. Note that in this 
circuit, just as in the relay circuit, each transistor 
must have sufficient collector current flowing to 
supply the demands of the load plus the current 
required by the bases of transistors “above” it in 
the AND gate chain 

Using the relay analogy, it will be apparent that 
the collector of transistor 3 will be at approximately 
the supply voltage potential at all times except when 
the three bases are energized simultaneously. ‘Table 
I lists the voltage and current relations in a typical 
three-input AND gate with a supply voltage of —1.5 
volts and a load resistance of 1,000 ohms. It has 
been assumed that for this particular AND gate, each 
transistor base required one-fifth as much current 
as its collector. ‘This represents only a current gain 
of five from base to collector, and is lower than is 
ictually realized in a gating circuit of this type 


Switching networks 


Five relay networks are shown in Figure 8. In the 
network of 8A current will flow in the load onls 
if x and y relay coils are energized, and in 8B cur 
rent will flow in the load only when relay coil x is 


not energized and relay coil y is energized. In iu 
circuit of 8D note that if relay coil x OR relay cc 
vy OR if both relay coils x and 4 
rent will flow in the load resistance 
eral series arrangements of relay contacts produce 
AND logical functions and parallel combinations of 
relay contacts produce a logical function of OR 

In the circuit of 8D, the load will have current 
flowing in it if relay coil x is energized whether or 
not y is energized. ‘he same applies if y is energized 
More accurately, the expression for this circuit may 
be written as, 


1 


ire energized, cul 


Thus in gen 


Yi YT 4 / 
which may be expanded to the expression 


myrTray 


that the load will 


Logically, this expression say 
draw current if there is x and y or y and not x o1 
x and y or x and not y. Since xy + x xv, the 
expression for z may be simplified to 


Zz ry J 

If it is desired that no current flow in the load 
of the circuit of 8D when both x and 4 
energized, the circuit must be modihed a 
in SI In this circuit, the load will be cnergized if 
cither x or y is energized, but not when both x and 
v are energized simultaneoush 

Ihe relay circuit of Figure SI) may be used to 
present a kind of relay diagram “shorthand” nota 
tion. This is shown in Figure 9. ‘The 
lines represent normally closed, or primed 
and the diagonal lines represent normally open, or 
unprimed, contacts Ihe contacts shown in any 
particular column are all operated by the same r lay 
coil (‘his notation is not limited to two relays 
Each relay coil may also operat 
open and normally-closed contact 
the transistor operates as a relay with a set of norm 


( oils ite 
hown 


horizontal 
contacts 


baby normally 


llowever ITC 





lable | 


l'ypical currents and voltages in energized 
AND gate such as that of Figur 


snput 


TRANSISTOR 3 


Collector to ground voltage 
Collector current 

Base to ground voltage 
Base current 


TRANSISTOR 2 
Collector to ground voltage 
Collector current 
Base to ground voltage 
Base current 


TRANSISTOR 1 
Collector to ground voltagé 
Collector current 
Base to ground voltage 
Base current 
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lypical relay switching networks. FIG. 9. Logic notation for two double-contact relays (circuit of Figure 8E) 


FIG, 10. ‘Transistor circuit for Figures 8E. and 9. 






ally-open contacts, only relays of this type need be 
considered in the circuits 

The input signal required by a normally-closed 
relay or its transistor equivalent is the inverse of the 
signal required by a normally-open device. In Figure 
9, for instance, a signal that establishes a path 
through x must simultaneously break the path 
through x’, and vice versa. A signal inverter of the 
kind discussed in relation to Figure 5 may be used 
to furnish this inversion. 


Signal-inverting transistors are shown in Figure 
10, which is a transistorized implementation of the 


diagrams in Figures 8E and 9. Obviously, if both 


WIG. 11. 
FIG, 12. 


Relay adder diagram. 


Adder diagram with sneak path. 





14 CONTROL ENGINEERING 





the primed and unprimed forms of the input signals 
are available, no inverters are needed. 

Relay diagram shorthand sometimes requires a 
symbol to represent no-contact (that is, “shorting 
out”) in one of the circuit paths controlled by a 
relay coil. Such a symbol is shown in the top hori 
zontal line of Figure 11. This figure is a relay 
“adder” diagram, borrowed from digital computer 
work. ‘The adder, a three-input gating network, 
generates a sum output if any one or all three 
(unprimed) input signals are present, and generates 
the carry output if any two or all three input signals 
are present. In generating a carry, therefore, if 
signals a and b are present it makes no difference 
whether c or c’ is also present. 

‘The validity of the relay-transistor analogy extends 
to some disadvantages of relays as well as to the 
advantages. One of the disadvantages is the possi 
bility of “sneak paths” in relay-type networks. In 
relay work these paths occur because relay contacts, 
when closed, can conduct current equally well in 
either direction. ‘The same applies to transistors, 
since the collector may act as an emitter, and the 
emitter as a collector, and the transistor will operate 
almost as well as in the normal, recommended 
manner 

The relay diagram of Figure 11, which does not 
have a sneak path, is redrawn in Figure 12 with a 
sneak path included to demonstrate what may hap 
pen in an actual circuit 

The effect of a sneak path may be understood first 
in terms of relay contacts. ‘This particular sneak 
path causes a sum output to be generated when only 
a carry output is desired; for example, if the input 
conditions ate a’be. For this combination of inputs 
the path of conduction is as follows: starting at (g) 
to (m) to (n), a carry output is produced as required 
However, since points (p) and (n) are connected 
by a short-circuit, the path continues from (n) to 
(p) to (q) to (r) and finally to (s), producing an 
unwanted sum output. In following this path, the 
current flowing in the contacts connecting (p) and 
(q) is reversed from the normal direction of flow 





In the transistor circuit for the adder of Figure 1] 
point (p) would connect to the collector of a tran 
sistor, and point (q) to the emitter of the sam 
transistor. With signal b on the base, 
held near ground, and 
through “on” 


collector Pp 


emitter (q connected 
transistors (qr) and (rs) to the 
sum output load resistor, current will flow through 
that transistor in a direction opposite to the 


direction 


tandard 
‘Transistors usually operate with current 
in the standard direction because in most transisto1 
emitters are larger than collectors, an arrangement 
which produces more favorable characteristic 


STORAGE CIRCUIT 


In all the circuits discussed so far, the output 
conditions are maintained only as long as the input 
conditions are maintained That is, there is no 
storage, or remembering facility, for either the input 
or the output conditions. ‘This implies that as long 
as any switching clement is maintained in the “on 
condition, the circuits doing the driving or energiz 
ing cannot be changed or used for other 
functions. 


witching 


If some storage circuits, equivalent to mechanical 
toggle switches, are used to supply energizing signal 
to a switching circuit or network, control signal 
will be required from the signal-originating devices 
or circuits only during the time that the 
switches” are being set “on” or “off These storage 
circuits will then maintain the “on” or “off” state 
indefinitely, making no further demand for energy, 
attention, or control from the signal sources 

I'he signal-originating device may be some appara 
tus in which one or more sets of contacts are closed 
during a short interval of time. It is similar to a 
transportation system, where a vehicle establishes a 
connection when it passes a check point. ‘The 
may also be derived from one of several 
or time-shared devices. In either instance, if the 
signals must be maintained for a period longer than 
the time during which they are available, some form 
of storage must be provided for them 

Storage circuits may also be used to hold or pri 
serve the output conditions of a switching network 
enabling the network to be deenergized or to be 
used for some other application 

\ storage circuit equivalent to an “on-off” toggle 
switch can be said to have a memory characteristic 
that is, the circuit can “remember” one of two con 
ditions. It is therefore a binary (two-state 
or storage circuit 

\ relay circuit having two stable states of opera 
tion is shown in Figure 13. This circuit can stor 
a limited amount of information. In the figure 
relay | is not energized and relay 2 is energized. The 
circuit point marked x is held at ground potential 
by the circuit path to ground established through the 
contacts of relay 2, thus bypassing to ground onl) 
current that might otherwise energize relay 1. Since 
the circuit condition can be changed only by som 


toggle 


inal 
ampled 


THCTIOTS 


external influes thi é t table state 
for the circuit 

\ second stable state, with lay | energized and 
relay 2 not energized, may be obtained if point y 
is connected to ground long enough for the contacts 
of relay Grounding 
contacts and 
coil of relay | 


Relay | then becomes energized and its 
sil 


to open and relay | to close 
point y deenergizes relay 2 ing it 
removing the short-circuit across the 
contacts 
When this 


close and short-circuit the f relay 








Relay storage circuit (flip flop) 


Transistor flip-flop 


happen the temporar ( round ipplied to 


point y may be removed he storage circuit will 
maintain thi table stat wtil at 4 
back to the original state by t nporar| 
point x hi 


econd forced 


grounding 
it} 1 dom | 


vitching circuits, by 


ingle relay or by contacts o1 me other device 

Ihe transistor circuit analogous to this relay 
witch igure 14 
Assume in this circuit that istor 2 1s “on \ 
large base current will flow in load resistor R,, and 
a large collector current in lhe collector cur 
o large that the 
of transistor 2 i 


toggle ircuit 3 howl 


rent 1 r-to-emitter voltage 
ilmost zero, a yractically all of the 
upply voltage is accounted f by the IR drop in 
h, Since the collector of transistor 2 is tied directly 
to the base of transistor |, tr tor | is ¢ 
cut off and it has very little collector 
permits the base voltage of trai tor 


tively to a value determined by thi ilu 


entialls 
urrent Dh 
to rise nega 
of Ky, 
ind the input resistance of tras In this state 
transistor | 1 ral on Vhi 
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‘Table II 
I ypical currents and voltages in flip-flop of Figure 14 
“ON” “OFF”’ 
transistor transistor 

Collector to emitter voltage 0.05 v 0.35v 

Collector current 1.43 ma 20 wa 
Base to em'tter voltage 0.35 v 0.05 v 
Base current 1.15 ma 5.0 wa 





























VIG. 16. 


‘Typical waveforms for circuit of Figure 15. 


represents one stable state for the transistor storage 
circuit, 

The second stable state can be obtained by tem 
porarily grounding point x. ‘This reduces the base 
current of transistor 2 to zero, causing that transistor 
to turn “off” and permitting the collector voltage of 
transistor 2 to increase negatively toward supply 
voltage. However, as the voltage on the collector 
of transistor 2 increases, the base of transistor | turns 
“on”. <A large collector current starts flowing in 
transistor | when the ground at x is removed, and 
the collector voltage therefore remains almost at 
zero. ‘This voltage is low enough to keep the base 
of transistor 2 “off”. As in the relay circuit, the 
transistor circuit may be forced back to its original 
state by temporarily grounding point y. 

Binary memory circuits in general are known as 
flip-flops. ‘The transistor circuit just described is 
called a saturation flip-flop, because one of the 
tr nsistors is always in the high-current, low-collector 
vultage region called saturation. 

Typical values of operating current and voltage 
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for this transistor flip-flop with 1.5 volts supply 
potential and with load resistances of 1,000 ohms are 
shown in ‘Table II 

The voltage at the collector of the “off” transisto1 
energizes the base of the partner transistor in the 
flip-flop, and is sufficient to energize the bases of 
several other transistors. Conversely, the “on” 
transistor collector voltage is low enough to turn 
‘off’ the base of any transistors connected to it 


Delay circuit 


\ flip-flop having only one rather than two stabl 
states will provide storage for some definite period 
of time, rather than for an indefinite period \ 
monostable transistor circuit, sometimes referred to 
as a single-shot circuit or one-shot multivibrator, 1 
shown in Figure 15. ‘The value of resistance Re | 
chosen low enough so that transistor 2 1s normally 
“on”; its collector-to-emitter voltage is therefore 
normally “off”. ‘The voltage at point x is near supply 
voltage —V, since no transistor base is connected 
to that point through a conducting path. ‘The third 
transistor, ‘I'R3, may be used for the purpose of trig 
gering the circuit. 

A negative pulse applied to the base of transistor 
3 causes its collector, and with it the collector of tran 
sistor 1, to rise in a positive direction to a voltage 
near ground potential. ‘This positive pulse is coupled 
through Cy to the base of transistor 2 and turns 
this transistor “off”. The voltage at point y starts 
increasing negatively and turns transistor | “on” 
The pulse on the base of transistor 3 then is no 
longer necessary and may be removed with no effect 
on the cycle of operation. Since the positive voltage 


biases the base of transistor 2 in the reverse direc 


tion, transistor 2 remains “off” until the capacitor 
has discharged to the point where the base again 
goes negative and turns “on”. ‘The voltage at y 
decreases toward ground and transistor | is in turn 
cut off, allowing the voltage at x to return to a 
value near the supply voltage. Wave forms and 
typical values of electrode voltages are given in Figure 
16. 

The monostable circuit, using either relays o1 
transistors, can prolong a signal that may originate 
for example, as a momentarily closed set of contacts 
These contacts may take the place of the triggering 
transistor, TR3. Once the contacts have closed and 
have grounded the collector of transistor 1, tran 
sistor 2 will go into its “off” state and delay the 
return of the TRI collector voltage to its steady 
state value until at least a definite time later. Of 
course, if the external ground still exists at the TRI 
collector when that transistor’s base is returned to 
“off” the monostable circuit will not be able to affect 
the duration of the signal. 

For time durations appreciably larger than the 
turn-on and turn-off times of the relays or transistors 
used, the signal-prolonging time of the circuit 
depends chiefly upon the values of Re and Cy 














The “Early Bird” Goes Automatic 


E. J. KOMPASS, Control Engineering 


This is the story of the Southern 
Co.'s “Early Bird,” an analog computer 
which will soon allocate load automa- 
tically to the generators on one of the 
country’s largest electric power sys- 
tems. It is the earliest known system- 
wide automatic incremental cost con- 
trol in any industry. It is also among 
the earliest to include a computer and 
the system within its control loop. 
Southern’s system certainly will remain 
one of the largest ever to do so: it is 
spread over 115,000 square miles and 
has a peak load of about 5 millior. 
horsepower. 


The old adage about the “early bird’ apparently 
still applies if the “Early Bird” happens to be an 
analog computer. For over two years now, a com 


puter of this nickname has been saving money at 
rates averaging $25 per hour, On a 24-houra-dar 
basis, this amounts to more than $200,000 per 


year. The Early Bird, shown in Figure 1, is the 
brainchild and namesake of k. D. Early, manager 
of the Southern Co. Power Pool. It continuously 
calculates the most economic distribution of load 
ing on one of the nation’s largest electric power 
systems 

The computer is of interest to control engineer: 
for two reasons. First, it is a working example of 
the improvement possible in manual control simply 
by preparing raw data for the operator with automatic 
(data processing) computer Ihe Karly Bird gets 
some of its data by analoging parts of the system 
that it monitors, but it measures the important 
parameters directly by telemeter. Second, it will 
soon be an operating example of an optimizing 
computer in a closed-loop control system. Its design 
has proceeded from the beginning with system con 
trol by the computer as the objective 

I'he system in point includes the power generating 
plants and transmission lines of the Southern Co 
stem, which consists of the Alabama, Georgia 
Gulf, and Mississippi Power Co. ‘The Southern Co 
serves in four states (Gulf Power Co. in the Florida 


panhandle), covers 115,000 square miles, and has a 
Mes anand of nearly 33 million kw. About 3 mil 
are generated by steam plants, the other | 

‘am by hydroelectric plant air tem 1s tied 

ith nearly 40 million kw t generat , capacit 
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System A 


VIG. 2. ‘Typical three-station power system showing loads, trans 
mission lines between stations, and tie lines to other systems. 


made up of ‘TVA to the north and northwest, Mid 
South to the west, and Florida Power to the south 

‘T'wo of the hydroelectric plants in the system are 
equipped with Leeds & Northrup automatic tie-line 
frequency-bias load control systems'. At any time, 
one of these plants is the regulator for the entire 
system, Net interchange of power over the tie lines 
to other systems is the basic control parameter; fre 
quency is monitored and reset as necessary. Assum 
ing frequenc vy to be constant at 60 « ps, the net powe! 
interchange over the tie lines should equal the power 
scheduled to be transferred to or from other systems 
Thus, if no power is scheduled to be transferred with 
other systems, the net power interchange over the tic 
lines should be zero, It will be zero only if the 
system is exactly carrying its own load. ‘Therefore, 
algebraic summation of power at all tie-line inter 
connections is all that is needed to determine that 
the system is meeting its own load requirements, A 
typical system is shown in Figure 2 

Because of their phase characteristics, ac genera 
tors must run in synchronism; thus frequency is the 
same over an entire connected network whether o1 
not power flows over tie lines. If in a connected net 
work one system generates power in excess of its own 
load requirements, and all other systems exactly carry 
their own loads, the excess power goes into rotating 
energy (termed “spinning storage”), raising network 
frequency. On the other hand, if one system fails to 
carry its own load, the energy required by the load 
is supplied from the spinning storage, and the fre 
quency decreases If the frequency is low, the 
additional generation needed to restore frequency 
should be supplied by the low system. To be sure 
of this, each system comprising the connected net 
work is assigned a “frequency bias” of so many 
megawatts per 0.1 cps deviation in frequency 

If a particular system has a frequency bias of 35 
Mw per 0.1 cps and is properly carrying its own load 
when frequency decreases by 0.1 cps, 35 Mw should 
flow out over its tie lines and no change in genera 
tion should be necessary. If only 30 Mw are con 
tributed to the network, generation must be raised 
by 5 Mw, indicating either that the system's bias 
assignment is 5 Mw too high or that its load has 
increased by 5 Mw. ‘The fact that power flows out 
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Stotion | telemeter servo 
yr 


when frequency is low indicates that some other 

tem has failed to carry its load, and no generation 
hould be added locally if the frequency bias 1s met 
Power flow in over the tie lines when frequency 1s 
low indicates failure to carry local load, and powet 
must be raised enough to equal the tie-line schedule 
plus the frequency bias. This amounts to over 
generation, putting energy back into spinning stor 
ige and raising frequency. Frequency-bias generation 
decreases to zero as frequency comes back to the 
et-point, and tie-line power comes back to tie-lin 
schedule over the entire network. 

If the frequency is high, power flows from the 
ystem that is over-generating to the systems that 
are on schedule in proportion to their frequency 
biases. ‘This indicates that the high system must 
reduce its generation. 

Because of the large amounts of inertia in the 
pinning storage of large power networks, system 
frequency varies essentially as the time integral of 
the connected companies’ failure to maintain their 
scheduled tie-line loads. The time-keeping quality 
of electric clocks depends upon the power networks’ 
maintaining a precise average 60 cps. A master elec 
tric clock is kept within seconds of the National 
Bureau of Standards’ time transmission by manually 
varying the frequency set point so as to make the 
integrated error zero 

he discussion so far has shown how the Southern 
Co. system operates within a larger network of con 
nected power systems by maintaining its tie-line 
loads and its contributions to network frequency 
according to otherwise determined schedules. With 
the system’s total generation thus determined, it 
now becomes necessary to apportion this load among 
the various generating stations of the system 


Plant loading methods 


lhe distribution of system load among the gen 
erating plants on the system must take into account 
many factors: unit generating capacities, mainten 
ance schedules, fuel costs, boiler heat rates and 
efficiencies, water availability, etc. The Early Bird 


z/% 











VIG. 3. Typical heat-rate curve for a steam generat 
ing station. Incremental generating cost dF/dP is 
related to incremental heat rate of dH/dP by fuel cost. 
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AUTOMATIC ECONOMIC LOADING CONTROL 
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FIG. A. Automatic incremental cost control. 


The Early Bird was planned from its conception 
to load the generating stations of the Southern Co 
system automatically in conjunction with the tie-line 
frequency-bias load control system. It was decided 
to build the original unit without this feature until 
the computer had proven itself satisfactory in actual 
operation. The automatic loading control is now 
being added, and the entire system should be in 
operation in a few months 

In power systems, the condition for economic sys 
tem loading requires that the incremental cost of 
delivered power for cach station be equal to the 
average incremental cost of delivered power for the 
system. Mathematically, 

dF, 
dP, 
° 1 - OL, 
oP, 
Thus, for each station, the automatic loading control 
must solve the following equation: 


. ' o L, dF, 0 
> oP, dP, 


How this will be done is shown by Figure A. The 
output of the Early Bird's transformer-resistance 
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rig. B. Early Bird operates within the load-frequency loop. 


matrix, (l1—oL,/oP,), for each source is connected 
to a unity gain isolation amplifier, which supplies a 
slidewire whose arm is positioned by a new 
that calculates A ,,, The incremental generating 
cost is subtracted from the output of this slidewire 
in a second operational amplifier for each source 
I'he output of this second operational amplifier will 
be zero only if A, is equal to A Phis output is 
summed with the same output from all the other 
sources in the input to the a 
the loop 

As noted, the output of the second operational 
amplifier for each source should be zero if the sy: 
tem is operating economically, Each of these points 
is monitored by an electronic relay that closes one set 
of contacts if the incremental delivered cost for that 
station is too high, and closes 
tacts if it is too low 

Figure B shows how these electronic relays con 
trolled by the Early Bird will automatically route the 
control impulses from the load-frequency controller 
to the proper generating station to maintain eco 
nomic loading. Note that th Early Bird 
is only a signal routing system. Load and frequency 
are still the basic control parameter: 


servo 


servo, completing 


mother set of con 
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is daily proving that power losses on transmission 
lines should also be taken into account, at least for 
large systems with long transmission distances 
Because the heat-rate curve of a steam generating 
plant is nonlinear, Figure 3, generating costs must 
be calculated on an incremental basis. As noted 
previously, one hydroelectric station carries the min 
ute-to-minute variation in system load to maintain 
the system’s tie-line schedule and frequency. ‘The 
hydro station might be carrying the top 100 Mw of 
a total 2,500-Mw system load. ‘The other 2,400 Mw 
are supplied as a constant base for the hydro station 
by the other generating plants in the system if 
the system load increases so as to exceed the capacity 
of the hydro station, its operating base must be 
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FIG. 


5. 


Special transformers with 30 secondaries add trans 


raised by adding generation at one of the other plants 
in the system 

For example, the plant presently operating at the 
lowest total cost per megawatt may have 
cost for an additional 5 Mw of than 
other plant in the system. ‘Thus, generating plants 
should be loaded on the basis of incremental generat 
ing costs rather than actual cost 


a higher 


powcr some 


Except for certain large nonconforming loads, 
such as steel rolling mills, total system loads follow 

In the lar hurd fom Southom ia cneralms 
aint 44 steam and 15 livdro we treated im mibniatiows of 
hike steam units There are z whi bissation snl the 


we the 2 rencratin tution thie ule Bard 
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a more or less predictable day-to-day pattern, and 
until a few years ago were scheduled 12 to 24 hours 
in advance by the Power Pool Office. These sched 
ules, however, were seldom followed exactly because 
of the many variables in system operation which can 
not be forecast, even a few hours in advance. In 1952 
the Central Power Coordination Office was estab 
lished and put under the direction of Don Early, 
who had been managing the Power Pool since 1949. 
Station loading was still on a block loading schedule, 
and Early was studying the analysis of power systems 
in the evening. 

Karly recognized that loading of units for maxi 
mum economy at the generating plants was not the 
correct answer, in that the effect of transmission 
losses was not reflected in such operation. ‘Total cost 
of power supply is determined by the cost of power 
at the load centers and not by the cost at the gen 
erator bus, 

The effect of transmission losses upon the cost of 
power delivered was first studied by E. E. George 
of Ebasco Services, Inc., in 1943*, In 1950, Eaton 
Ward, and Hale of Purdue placed the determination 
of transmission losses upon an analytical basis *. 
And by 1951 Kirchmayer and Stagg of General Elec 
tric had used tensor methods to anlyze the American 
Gas & Electric Co.’s system*, and showed that the 
minimum cost of system power supply is attained 
when the incremental cost of delivered power is the 
same for all sources. 

The incremental cost of delivered power for a 
particular station is that station's incremental gen 
erating cost divided by the percentage of the incre 
mental generation that it delivers to the load center. 
Incremental generating cost is the slope of the gen 
erating cost vs. power curve for the station, that is 
dF/dP, The percentage of generation delivered is 


simply one minus the incremental transmission 
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(l—oL/oP). ‘Thus, the incremental cost, Ap, of 
delivering power to loads from station n, is 
dF, 
dP, | 

oL, 

0 Fa 
The incremental losses with respect to station n are 
expressed as a partial derivative because they are cal 
culated for a change in the power of station n only, 
all other station outputs being held constant 

The total transmission losses for an entire system 
can be expressed as 

Ly ZZ Pabeel es 
=e 


l 


which is the sum of the transmission losses from 
cach station m of n stations to the load centers. This 
is an equation of n* terms. Note that for a system 
of two stations the transmission losses ar¢ 
Lr PYBy + 2P:\ PB. + PZB, 

In this case the terms B,,P,? and BeoP.’ represent 
losses when the entire load is supplied by station | 
or 2 respectively, and the mutual term 2B,.P,P» 
represents the adjustment in losses when the load is 
supplied jointly by stations 1 and 2. In this cas 
the mutual constant B,, would probably be negative 
which is usually the case for mutual 
although they may be positive for stations that arc 
electrically close to each other. 

For the two-station system, the incremental trans 
mission loss with respect to station | is 


constants 





Ol _ op, Py + 2BuP; 
oP, 
and with respect to station 2 is 
ol, 
2ByP. 24,1 
OP; hn 
For the general case of nm stations, the incre 
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FIG. 4. Simplified dia 
gram of Early Bird as it 
ol would look for 
oP 
; three sources. 
losses from the station to the load center, o1 
















FIG. 5. Special transformers with 30 secondaries add trans 
mission losses. Half the B-constant pots for the three trans 
formers are visible. The other half are on opposite face There 
are ten of these assemblies (30 transformers) in the Early Bird. 
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\ station’s generating costs are related by the cost 
of fuel to. the heat-rate characteristics 
These vary nonlinearly with power because of the 
no-load heat loss, and because the efficiency of th 


station’s 


station varies nonlinearly. Thus, economic schedul 
ing of generation among the 25 stations of the 


Southern Co. system requires solution of 25 simul 
taneous equations like that for A, (Equation 1) 
Each of these equations is nonlinear and contains an 
implicit equation of 28 terms in its denominator 


Enter the computer 


When Early started his study, American Gas & 
Electric was already making use of the transmission 
loss equations (Equation 2). They had solved them 
for certain representative load distributions on their 
system, using the Kirchmayer and Stagg? B-constant 
Curves were drawn by interpolating between cal 
culated points This method requires families of 
curves for variations in system power level and stack 
of families for variations in load distribution. Inclu 
sion of other variables, such as the changing cost 
of fuel at particular generating stations, adds mor¢ 
dimensions to these stacks At best, the cost of 
preparation of such charts is high, and they are only 
of value as long as the system remains the same 
Changes in the system, such as construction of new 
plants or new transmission lines, would require recal 
culation of the entire set of charts 

While American Gas & Electric could find few 
cnough representative load conditions to make such 
1 solution economically worthwhile, Early did not 
believe that it would be practical for the Southern 
Co. system. Southern has dump gas contracts for 
certain of if plants Dump gas is cheap fuel, but it 


These two servos calculate the incremental cost 
of delivered power and the percentage of power deliv- 
ered for the generating station chosen by the operator. 








must ve consumed as soon as it | 


Avail 


ivailable 
ability can vary from full plant output to zero 
Southern also has a relatively larg 


number of inter 
connections with other systems over which power is 
bought and sold, and a large number of hydro plants 
in which “fuel arbitrary variable that 
depends upon the amount of water in storage for 
future load peak All of thes 
almost infinite 


cost iS an 


things mean an 


number of “typical ystem 


condi 
tions 


What was 


that would continuously 


, 
needed was an automati computer 


solve the equations for the 


conditions currently existing on the system. In this 
way, the operator would know at all times which 
unit should take the next increment of load. Early 
recognized his company § need for such a computer 


ind undertook its design evening 
was his “hobby” for the 


ifter work This 
next yea 

He first considered a computer using a complet 
analog of the power system. Computers of this typ 
have recently been built for the West Penn Electric 
Co. by Westinghouse and for the Ohio Edison sys 
Aircraft. ‘These two computers 
were placed in service during the summer of 1956, 
more than two years after the Early Bird was placed 
in service, One difference between these 
puters is that West Penn's uses a direct analog for a 
tation cost curve which is a composite of the cost 
curves of the various generating units in that station 
while Goodyear’s analogs each unit individually and 
obtains the station cost curve by a 


tem by Goodvear 


two com 


craging. American 


Gas & Electric, in the meantime, working with Gen 
eral Electric Co., was de cloping it Penalty Fac 
tor Computer. ‘This was installed at Columbus, Ohio, 
in 1955. The penalty factor” here is 1/(1—0L/oP) 
that is, the reciprocal of the percentage of power 


delivered 
matically for 
lich 


This penalty factor 
each station It 
rule ly 


omputed auto 
multiplied on a 


pecial the mcreny tal rcncratinyg cost 
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for that station, which is set in by hand, Though the 
result is the incremental cost of delivered power, 
the process is quite slow if such costs must be com 
pared for a large number of stations to determine 
economic loading. 

Karly was disturbed by the concept of a complete 
analog for a system as large as the Southern Co. He 
could see too many maintenance and _ reliability 
problems. ‘Then he had an idea: determine only the 
incremental cost for each station and make the 
indicated changes in each plant until each plant 
comes to the same average incremental cost of all 
plants, By this scheme, the entire system is then in 
the feedback loop, and it is not necessary to devise 
a complete analog of the power system. ‘To solve 
the A equation in this way it is only necessary to 
analog the incremental generating cost curves for 
cach station, and the various B constants as deter 
mined from network analyzer studies of the system 
under various conditions. ‘The only system inputs 
are the power flows that exist at the generating sta 
tions and tie lines of the system. 

By the time Early started his design, Alabama 
Power Co. has already been telemctering to its dis 
patcher’s office for at least eight years the power 
flows over four tie lines to TVA and the generation 
at two regulating hydro stations. When the Cen 
tral Coordination Office was set up by Southern 
Services, four more power readings were tele 


metered in from the Georgia Power Co. ‘There 
were plans to add more telemetering. Early 
went ahead with his design with the under 


standing that continuous power measurements from 
tic lines and generating stations would be available 
to his computer via telemeter. 

It was during installation in February 1953 of 
more telemetering equipment that Leeds & Northrup 
engineers first got wind of Early’s computer, In 
March of 1953, L&N offered to build the computer 
on an experimental basis and underwrite the cost 
of further development. By this time, Early had 
the computer completely designed in principle. It 
remained only to iron out certain circuit details 
scaling, impedance-matching problems, special com 
ponent designs, etc. But the design so far was on 
paper only, Early had built no breadboards. 

Pearly had also worked out a method of calculating 
the B coefficients of the incremental transmission 
loss equations from the results of network analyzer 
studies. He now applied this to network analyzer 
studies of the Southern Co. system for about 32 
different conditions. He found that the loss coef 
ficients varied too much. At first he thought that 
his computer design was inadequate, but further 
study indicated that the principal errors lay in one 
of the assumptions made in the derivation of the 
original loss equations. 

The original deviations by George, ct al, 2 
assumed that the load at each station varies between 
zero and full load as the total system load varies 
between zero and full load; ie., that each station 
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load remains a constant percentage of the total sys 
tem load. By this assumption the system load pat 
tern remains unchanged as the total system load 
changes. Since, on most systems, there is a sub 
stantial variation in the load factor of various areas, 
depending on the type of load supplied, industrial, 
commercial, or residential, and on the type of indus 
trial load, station loads do not usually vary as a 
constant percentage of system load. Early found it 
necessary, at least for the Southern Co. system, to 
modify this assumption so that each station load 
would be assumed to vary linearly between its mini 
rnum and its maximum as the total system load 
varies between minimum and maximum. 

Karly’s new assumption permits the station loads 
to vary at different rates as a percentage of total 
load. Extrapolated to the extreme condition of zero 
system power supply, something never encountered 
in practice, this assumption requires that there be 
transmission losses when all of the generating sta 
tions on the system have zero output. Mathemati 
ally, this means that if the station loads vary by given 
(though different) rates even after they have become 
zero, the loads must become negative one by onc 
Because negative loads are power sources, no gen 
eration is required from the generating stations when 
the negative loads balance the positive loads. But 
there are still transmission losses in such a system 
Thus, this new assumption requires the addition to 
the transmission loss equation of another loss con 
stant, B,», representing the incremental loss of each 
source under the condition of zero system power 
supply®*. The new loss equations look like this 


ol, . y) 22... + Bue 
oP, 


Ly Z PaBuaPs + 2 BoP, + Ki 


aM 


This condition of zero system power supply can 
never actually exist, and was defined solely to deter 
mine these constants. The addition of these new 
terms, however, made the errors in the loss equa 
tion insignificant when’ calculated for the 32 typical 
system loading conditions set up on the network 
analyzer. 


The Early Bird 


Figure 4 shows a simplified form of the Early 
Bird computer as it would look for only three sources 
This diagram does not include the automatic incre 
mental cost control equipment which is presently 
being added. ‘The computer's outputs are 
meter readings representing the incremental cost of 
delivered power, A, and the percentage of power 
delivered, 1—oL/oP, for each of the generating 
Its inputs are voltages representing the 
powers actually existing at these three generating 
stations as measured and telemetered to the com 
puter. ‘The voltages are derived from auxiliary slide 
wires positioned by the telemeter indicator servos 

I'he Karly Bird is an ac analog computer. ‘The 


sources 

















incremental transmission losses for each source are 
computed by the transformer-resistance matrix at 
the upper left. In the actual Early Bird there are 30 
specially-designed transformers; each of which has 
30 secondaries. (igure Mach secondary is 
shunted by a potentiometer, which is adjusted to 
give an Output representing the source output times 
the applicable B constant. For example, the top 
secondary of source | develops a voltage representa 
tive of the output of source | times its self-constant; 
the same secondary of source 2 develops a voltage 
representing the output of source 2 times the mutual 
constant between source | 
secondary of source 
output of 
between source 3 and source | 


ind source 2; the sam 
3, a voltage representing the 
times the mutual constant 
Ihese secondary 
voltages are summed by series addition. ‘The output 


of source 2 is reversed because its B constant is nega 


source 939 


tive: This sum is the incremental transmission loss 
of source 1. It is then subtracted from unity to give 
the percentage of power delivered 

I'he incremental transmission losses are summed 
at a high impedance servo input. ‘This servo drives 
two auxiliary potentiometers, one of which supplies 
the percentage-of-power-delivered meter 
potentiometer provides 


The other 
an mput for the A servo, 
which divides the cost of generating power at a given 
unit by the percentage of power delivered 

The power being generated at cach source (by 
means of a second auxiliary slidewire on each tek 
meter indicator servo) is multiplied by a constant 
that represents fuel cost (the upper manually-set 
pot) and is added to a constant that represents the 


zero-load intercept of the incremental cost curve (the 


lower manually-set pot). In Figure 4 the fuel cost 
function varies linearly with power generation. In 
the actual computer, the slidewire is tapped and 
loaded externally with resistors to approximate the 
shape of the station heat-rate curve (see Figure 3) 
The incremental generating cost dF/dP thu: 
obtained is the second input to the A servo 


Automatic loading control 


Remember that the primary loading control is the 
tie-line frequency-bias regulating system. This operate: 
continuously to maintain the 
change schedule 


system's net inter 
The deviation from the net inter 
change schedule is called the system’s “area require 
ment”. It is the amount of generation that must 
be added or dropped on the system to return to 
scheduk The “area requirement controller’, a 
zero-center recording instrument, is the master con 
troller for the system. Its output is a series of pulse: 
Impulses on one line ar 
signal to be raised; on the alter 
native line, that it is to be lowered 

At present, these 
sent to the 


on either of two lin 


that generation | 


raise and lower impulse in 
tation This is not 
hydro facilitic Water 


for regulation when it might be 


regulating hydro 
good cconomic use of the 


is used at all timc 





FIG. 7. Operational amplifiers for automatic cost control now 
installed for testing are transistorized, have printed wiring. 


more economic to save it for peak load conditions 
when the incremental cost from the steam plants is 
high. Automatic controls are now being built for 
the steam stations. When the cost control system 
is installed, the hydro plants will no longer be the 
regulating stations for the system 

In the cost igure A, the 
impulses from the area requirement master controller 
will be routed via the electronic relays to the gen 
crating stations that are out of line with the average 
incremental cost. Stations that are high cannot 
receive raise impulses, and stations that are low can 
not receive lower impulses 

It should be noted that certain 
incremental costs well below. the 
rest of the system 


control computer 


tations will have 
iverage for the 
These stations will operate at 
full rating most of the time. Stations that are at 
their limits or not in their regulating range for any 
reason are left out of the average cost computations 

Stations within their regulating range are presently 
held within 0.1 mill of the average incremental 
delivered cost per megawatt-hour by closing the loop 
manually through the operator. Automatic control 
is expected to reduce this deviation by a factor of five 


Reliability 


There are only two moving parts (the servos) 
and eight electron tubes in the Early Bird at present 
\ll the new electronic equipment being added for 
the cost control computer is transistorized, Figure 7 
\ gasoline-powered generator stands by on the roof 
to supply the computer in case of power failure in 
the building in which it is housed. The auxiliary 
gencrator is tested weckly. All the rest of the com 
ponents in the system are static The total power 
consumption for the equipment is only 250 watts 
at present, and will not be much more when the cost 
control is added because of the transistorization 
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Stabilizing Instrument Servos 
by Internal Motor Damping 


GERALD WEISS, The W. L. Maxson Corp. 


g 
z 
z 


servo stability problem 
exhaustively in the literature, 
elaborate and complete design proce- 
are available. However, most servo 
do not require such advanced design 
One common type of servo is a 
ay Jb etadhage sc sadhaix Bren 
n this and many similar applications, 
damping inherent in the servo-motor is 
sufficient for servo stabilization. 
To achieve desired performance some sta- 


rigypitre 
i 
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The output torque of a servo with a negatively 
loping straight-line torque-speed curve, Figure | 
has two components: a constant torque Ty, and 
a negative torque proportional to speed. The lat 
ter component constitutes viscous damping*, mak 
ing the slope of the torque-speed curve the damp 
ing coefhcient, expressed in units of torque over 
speed. This desirable negative slope is typical of 
the speed-torque curves of a two-phase induction 
motor, used as the actuator in ac servos, Figure 2* 
The problem is to compute the damping coefficient 
since the various curves are not linear and not 
parallel. The correct slope to use is the zero-speed 
slope of the zero control-field voltage curve, because 
small servo oscillations take place around the zero 
speed /zero-V oy point. 

If a complete set of characteristics, similar to 
those shown in Figure 2, is supplied by the motor 
manufacturer, the damping coefficient Ky can be ob 
tained by scaling the slope of the correct curve 
Usually, though, the manufacturer furnishes only 
the torque-speed curve for balanced operation (con 
trol-feld voltage, Ver, equals main-field voltage, 
Vur). But then the zero-speed slope of the zero 
Ver curve can be obtained from the following®: 


VM, — | 


i 
where M, = slope of zero-V cr curve at zero speed 
M = slope of balanced-excitation curve at zero speed 

Often the manufacturer does not provide a torque 
speed characteristic for balanced excitation, but 
merely gives values for the stall torque Ty and the 
maximum speed Ny. The damping coefficient can 
then be approximated by 
l Ty 
Ky 2 Nu (2 
Ihe Ky obtained from Equation 2 is always too 
large, because the torque-speed curves are always 
oncave downward. ‘To obtain a more conservative 
ind correct Ky it is customarv to use svnchronous 
speed Ng, rather than maximum speed. Then 

l'y 


\ 


3 


Some manufacturers catalogs give values of damp 

















FIG. 1. 


istics of a viscous-damped servo. 


Torque-speed character 


formula K, 


his leads to incorrect answers 


ig coefhcient based on the equal 
P/N Manu 
facturers also classify their motors according to the 
ratio of torque to inertia. Design for maximum 
inherent motor damping actually leads to a maximum 
value of the ratio of torque-squared to inertia, and 
motors should be compared on that basis®. 

he set of curves shown in Figure 2 applies to a 
motor energized from a zero-impedance source, a 
source that delivers a speed-independent voltage to 
the motor windings. ‘This is not generally the case 
In a servo, the control-field winding is energized 
from an amplifier. ‘The servomotor input impedance 
increases with increasing speed. ‘The amplifier out 
put impedance makes the motor torque-speed curve: 
more concave and lowers the zero-speed slopes, con 
sequently reducing the damping. Thus, in a servo 
stabilized by internal motor damping, the amplifier 
output impedance must be kept low by a sufficient 
amount of negative feedback around the amplifier 
or at least around its output stage. A feedback ratio 
of at least 5:1 is recommended. 

Even if the viscous damping from the servomotor 
is neither required nor desired, servo amplifier out 
put impedance should still be kept low. Excessive 
source impedance causes the motor torque-speed 
curves to peak, like the curves of large induction 
motors used in powe! applications. A motor with 
a peaked characteristic may “single-phase”, i.c., de 
velop torque with zero control-field voltage. Thi 
makes the servo unstable 


Servo analysis 


A positional servo can be represented by the block 
diagram of Figure 3. For a simple instrument servo 
of low dynamic accuracy, the various components 
can be assumed to be linear, and higher-order tim 
constants can be neglected. The servo then can be 
described by a second-order equation, analogous to 
the equation of a spring-mass system in mechanics 
or to the equation of a resonant circuit in electricity 
This analogy is used to analyze the servo, without 


recourse to elaborate servo theory As always in 








PIG. 2 


Lorque-speed characteristics 
of a two-phase induction servomotor 


cle fined 
md the damp 


uch systems, two basic quantitu in be 
the undamped natural frequency 
ing ratio ¢ 

Assuming the block diagram of Figure 3 rep 
resents a second-order servo, and neglecting non 
lineariti the undamped natural frequency and 


damping ratio can be expressed by thi following 


| KrkKkaky 


| 
Ja 
Ky a 
2 QV IKrK4K: 
and undamped natural frequet wl pe 
damping ratio 
Ky; error detector gradient, volts px vl 
Ka amplifier gain, volts per volt 
Ky motor torque gradient, dyne-cm per volt 
K, motor damping cor ficient, dyne-cm per rad per see 
/ total moment of inertia, gm-cm 
a gear ratio, rad per rad 
lo increase the damping ratio, it is necessary to 
have low inertia J, high gear ratio a, and low gain 


KyK4Ky 

The quantity | is the total reflected moment of 
inertia of the motor, gear train, and load, measured 
it the motor In instrument servos this can be 
losely approximated by the moment of inertia of 
inertia of the 
vhen the motor is 


the motor itself plu po ibly the 
Vherefore | 1 


elected, and is independent of gear ratio 


first gear fixed 


If there are no dynamic accura pecifications in 
in instrument servo, the 
on the 


gear ratio depends olely 
required following 


peed. For example, if 
motor maximum speed is Ny, and the load (say a 
pointer) is to turn at pecds up to N,, the gear ratio 
may be as large a 


4 
’ 


\ i 


where 7 is a Safety factor used to compensate fo 


friction loading. ‘The maximum no-load speed of 
; 

the motor i: Ny, but its maximum peed when used 

in a servo is reduced toyNy. Ina trument servo 

varies between 0.5 and 0.5 

The gain function K;K,Kgy is determined by the 


illowable static error « There must be at least 
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enough gain to overcome the friction load of the 
motor, gearing, and output devices, and the cogging 
of the motor, ‘The reflected friction of the output 
devices at the motor shaft depends on the gear ratio 
Often this contribution is quite small, so that all 
friction is assumed to be contributed by the motor, 
and is independent of gear ratio. The required gain 
function is then 

KrKsKy 5 7" (7) 
where ‘T'yy is the motor friction. Usually the motor 
manufacturer does not specify Ty, but supplies 
instead the value of the control-field starting volt 
age, Vy, which includes all starting effects, such 
as bearing friction and cogging, and is therefore 
more accurate than the value of bearing friction 
alone, ‘The expression for the gain function then 
becomes 
KrVs_ 


ts 


KrKaKr (8) 


In practice, the gearing and output always supply 








Error 
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FIG. 3. Diagram of a servo using internal motor damping. 
some frictional loading, so that a more correct 
expression for the gain function is 
KrKiKsz® KrVs + Tr (9) 
€, 


where Ty; is the reflected friction torque of the 
gear train and load, measured at the motor. The 
load torque is determined after the gear ratio is 
selected; the gearing friction can be readily esti 
mated. In low-dynamic-accuracy instrument servos, 
T'y;, ranges from 0.2K7Vg to 0.7K¢Vg. Equation 9 
places a lower limit on the gain function KpK4Ky. 
The values of Ky and Ky are fixed when the motor 
and error detector are selected. ‘Therefore, the 
equations can be readily solved for the amplifier 
gain K,. 

The inequality signs in Equation 6 through 9 in 
dicate the permissible variation in gear ratio and 
amplifier gain. ‘lo maximize the damping ratio, 
the equality signs must be used. This gives the 
largest possible gear ratio and the smallest gain. If 
these values do not yield a sufficiently large damp- 
ing ratio, then motor damping is not satisfactory 
and another stabilization method must be used. 

The natural frequency of this type servo is some 
times important. There are cases where the servo 
must act as a low-pass filter, attenuating spurious 
high-frequency inputs (noise), and here an upper 
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limit is placed on the allowable natural frequency 
With gear ratio and gain determined by the maxi 
mum following speed and the static error, the onh 
way to reduce the natural frequency is to increase 
the inertia, for example, by adding an inertia wheel 
his, however, also reduces the damping ratio. In 
practice it has been found that internal motor damp 
ing is not sufficient for servos requiring a very low 
natural frequency 


Servo design 


I'he design procedure for an indicator-type instru 
ment servo of the type discussed above can be sum 
marized in the following eight steps 

|. Draw the block diagrams and select the vari 
ous components—the 
output devices. 

2. Select the gear ratio, using Equation 6 

3. Compute or estimate the friction load of the 
gear train and output devices, reflected at the motor, 
T y,. Compute the total friction load (KyV 4 +- Tr) 
4. Compute the gain function, using Equation 9 
5. Compute the motor damping coefficient Ky, 
using Equation 3 if motor characteristics are not 
available. 

6. Compute the servo damping ratio, using Equa 
tion 5, and compare it to the required value. ‘There 
are three possibilities— 

a. Damping ratio is too low [ry another 
motor that has a higher damping coefficient 
If there is no such motor, then motor damp 
ing is not sufficient. Redesign, using a dif 
ferent stabilization method 
b. Damping ratio is too high. This can be 
cured by increasing the amplifier-gain. Com 
pute the new value of gain from Equation 5 
and proceed to Step 7. 
c. Damping ratio is right 
proceed to Step 7 
Compute the natural frequency, using Equa 
tion 4, and compare it with the required value. If 
it is too high, compute the required added inertia 
using Equation 4. ‘Then return to Step 6 and re 
compute the damping ratio 

8. Compute the amplifier gain from the gain 
function KyK,yKy. Select an amplifier his com 
pletes the design aspects peculiar to this servo 


motor, error detector, and 


Everything in order, 
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DESIGNING A 
TYPICAL 
SERVO 


! 
or(t) 


Synchro 
j tronsmitter 


FIG. 4. Simple synchro servo for remotely positioning an indicator 


1Hk PROBLEM—Design a simple 400-cps 
synchro servo for positioning an indicator. ‘The 
system specifications are 
Static accuracy 0.5 deg (0.00872 rad) 


Velocity constant 
Natural frequency 
Slewing speed 
Damping ratio 


AND THE SOLUTION 


sign steps listed above. 


1. DRAW DIAGRAM AND SELECT COM 
PONENTS—Figure 4 shows a typical indicator 


type synchro servo with following components 


none specified 
less than 10 eps 
greater than 3 rpm 
0.8 to 1.0 


lollow the eight de 


Motor—Kearfott ‘Type R115 


rated voltage 26 volts 
Tu 0.32 oz-in 
Ny = 6,700 rpm 
Ns = 8,000 rpm 
Vs = 0.9 volts 


22,700 dyne-cm 
701 rad per sec 
836 rad per sec 


J 0.46 gm-cm* 
Synchro—Dolecam Type 11CT4 
Ky 1 volt per deg 57.3 volts per rad 
inertia 2.0 gm-cm’ 


friction = 0.5 oz-in 3,550 dy ne-cm 
pointer with friction and inertia 


negligible compared to motor 


Output device 


2. SELECT GEAR RATIO—Using Equation 
6, assume y equals 0.7. 
yN 0.7 (6,700 
7 v7 , e 
t « yt 2 
1 N, 3 156 
select a = 1,500 


3. COMPUTE TOTAL FRICTION LOAD 
Determine motor torque gradient and total motor 
friction from motor specifications 
22,700 

26 

KrVs = 22,700 (0.9 736 dyne-cm 
Compute synchro friction load reflected at motor 
shaft, and then introduce a factor of safety of 1.2 
to cover estimated gear train friction 


Ky = 873 dyne-cm per volt 


3,550 
1,500 


— , 
1.2(786 + 2 


synchro friction load = = 2.37 dyne-cm 


(KrVs + Trt) = 


946 dyne-cm 


+, COMPUTE GAIN FUNCTION—Substitut 
the static accuracy specification and the total fre 
tion (from Step 3) in i.quation 9 


, , KrVs + 7 46 
KrKaky : ‘ a 0.00872 
108,500 dyne-em per rad 
5. COMPUTE MOTOR DAMPING CO 


EEFEFICIENT—Substitute motor stall 
synchronous speed in Equation 


torque and 


, l T ] 22,700 
Ky 2 \ 2 436 
13.58 dyne-em per rad per ser 
6. COMPUTE SERVO DAMPING RATIO 
Use |] quation 5 Include a 
factor in the inertia term to 
ertia of the first mesh 


J 1.2 (0.46 


20 percent safety 


iccount for the in 


0.55 gm-cem 


Ky a 13.58 | 1.500 
2 QVuKr KK, 2 Y 0.550108,500 


t 1.18 
This is close enough to the specification, Raising 
the gain 40 percent will lower the damping ratio 
to unity 

7. COMPUTI 
Use Equation 4 
quency is 


NATURAL FREQUENCY 
Check to see if natural fre 
within limit 


, | KrKakK, | 108.500 
is \ Ja : 0.55) 1,500 


36.2 rad per sec 


6.2 rad per 


5.76 ¢ ps 


With the gain increased 40 percent, the natura 
frequenct will be 6.8 cp which is still below the 
required maximum 

5. COMPUTE AMPLIFIER GAIN—Knowing 


the gain function, and the value f Ky and K 


] 


iit ulate K, 

. 108 500 

K } 2.16 

. 873 (57 3) 

Increasing this 40 percent, the required clo 
amplifier voltage gain is 3. If an amplifier feed 
back ratio of 10:1 is used, then an open-loop volt 
age gain of 30 is required. Note that the ex 
tremely low amplifier gain results from large gear 
ratio, low voltage motor, and high-voltag 


ed loop 


ri hro 
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FIG. 1 The multi-color 
printing press is a major bene 
ficiary of automatic registra 
tion control. As the paper 
web travels through the press 
from one ponting station to 
the next, it picks up the sepa 
rate color components of the 
design to be printed. The 
final result is a multi-colored 
design on the web that con 
forms with the original art 
work. Automatic registration 
control assures that each part 
of the design is printed in ex 
act correspondence with the 





other parts 





Controlling Register 
Automatically... 


IMPROVES PRODUCT QUALITY AND REDUCES WASTE 


JOSEPH C. FROMMER, Electronics Consultant 


THE GIST: Automatic registration, wherein parts or designs are placed in exact corre- 
spondence with each other, is an important operation in making or converting many 
industrial products. Once the extent of registration quality has been decided on, the 
method of controlling the process is determined by the process itself to meet these per- 
formance requirements. Thus, where small deviations of short duration are expected, 
acceptable control may be effected by consecutive incremental movements of the con- 
trolling mechanism until the error returns to some value close to zero. 

However, a fast process subject to large disturbances and random variations may 
require a more sophisticated control to attain product quality with a minimum of waste. 
An example of this type of control, as explained in detail in the article, is the combi- 
nation of integrating action with proportional control and dead zone. 

Using a multi-color printing press as a typical process, the article shows how the : 
vagaries of the printing press determine which of the many available control modes 
will satisfy product quality specifications. Although concerned with registration of 
printed matter, the discussion will be useful in an investigation of any automatic regis- 
tration control problem because of the similarity of concepts. 
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\utomatic registration control is necessary in a 
large number of industrial processes, among which 
are converting of paper, film, and metal foil. Such 
industries require correct registration of one process 
with another, or registration of several operations 
within one process. ‘l'ypical examples of automatic 
registration are stamping and punching of continuous 
stock and multiple-color printing on paper and cloth 

The equipment needed to provide automatic con 
trol, the type of sensing equipment needed for 
registration detection, the control technique that 
gives minimum waste product, and the method of 
ur parting correction to the process depends on the 
required accuracy of registration, the material being 
processed, web speed, and the inherent characteris 
tics of the processing machinery 


Automatic register of color components 
in a multi-color printing press 


(he multi-color gravure printing press is one of 
the many industrial machines needing automatic 
registration control. ‘The different colors in an illus 
tration must be printed in exactly the right place 
to reproduce the artist’s ideas, to present information 
clearly, and to obtain esthetic quality. Any excessive 
deviation from the desired locations of the variou 
olors destroys the value of the product 


Figure | illustrates a large printing press, and 


FIG, 2 


Figure 2 shows the schematic representation of two 


printing stations on the press. A 
of paper is fed from paper reels over guide rollers 
from one printing station to the other. At each 
station the web passes between the low printing 
cylinder and the upper backing cylinder. The print 
ing cylinder is engraved with that part of the pattern 
to be printed in a certain color and revolves in a 
fountain of ink that color. ‘The 
exerts the necessary pressure to transfer the ink from 

the printing cylinder to the paper to the web 
he principle factor in perfect registration is web 
length between adjacent stations 
the web is subject to slight deviations in length, 
which can be caused by changes in ambient tem 
perature, humidity, tension, quality of paper, and 
so forth. Usually these deviations are of the order 
of several thousandths of an inch 
at the end of the reel, when, without stopping the 
press, a new reel is moved into position and brought 
up to the speed. At the appropriate moment an 
automatic splicer cuts the expiring reel and splices 
During 


continuous web 


backing cylinder 


During running 


I arger errors occul 


the new reel to the end of the old reel 
this splicing operation serious vanations in tension 
change the web length, and therefore spoil the 
register by several thirty-seconds of an inch 

Figure 3A is an example of acceptable register 


while Figure 3B is an exaggeration of the type of mis 


As the web passes the printing stations, it receives impressions in different color. Since 


color register depends on maintenance of the exact web length between stations, variations in 
the web length due to such variables as humidity and tension cause misregister of the colors. ‘The 
selector switch delivers a reference signal in a certain angular position of the printing cylinder, 
while the scanner generates its signal when the mark printed by the first color passes an illu 
minated spot. ‘The amplifier-controller compares arrival time of the two signals and sends a 


correcting signal to the compensating roller to change the web length and restore register 
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register that occurs during normal press runs due 
to changes in tension, humidity, temperature, and 
other effects. The most drastic misregister, shown 
in Figure 3C, occurs during the splicing operation 
Here the deviation extends to several thirty-seconds 
of an inch, and depending on the control system, 
results in some quantity of unacceptable pointing 
that must be scrapped. 

Both large and small deviations must be corrected 
by adjustment of the web length, accomplished by 
moving the compensating roller in accordance with 
the magnitude and direction of the error. 


Detecting registration errors 


When the web passes through the first printing 
station it receives, in addition to the first color, a 
mark which is sensed by a scanner (Figure 4) located 
on the second printing station. A phototube inside 
the scanner observes an optically-defined portion of 
a small illuminated area of the web and generates a 
signal when the scanner sees the edge of the mark 

Another signal, set off each time the print cylinder 
reaches a certain angular position, is generated by a 
selector switch coupled to the first cylinder. The 
angular position is chosen so that when the printing 
is im accurate register the signals generated by the 
scanner and the selector switch occur at the samc 
time. When misregistration occurs the scanner sig 
nal leads or lags the switch signal, depending on the 
direction of the deviation. 

Thus, the registration detector (the detecting ar 
rangement just described) delivers a signal indicating 
the magnitude and direction of the error to a con 
troller. ‘The controller then sends a correction signal 
to the motor driving the compensating roller. ‘There 
are a number of ways for the controller to compute 
the corrective action required and there are also sev 
eral ways to impart that correction to the compen 
sating roller. 


A review of control and correction 


Four methods achieve registration control of print 
ing presses, and these can be applied to other regis 
tration control problems in other areas of industry 
‘The control modes, similar to those used in flow 
process control, are reviewed here briefly 
© Fixed Increment Control—calls for correction in 
one direction, in the other direction, or not at all 
It initiates a correction of a certain amount, say 
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FIG. 3. This illustration. typifies pro- 
gressively poor register. Perfect register 
would center the colored square in the 
black border, as shown in A. During 
normal running slight misregisters (B) 
occur and may result in waste. A more 
serious case occurs when one reel of paper 
is spliced to another. This case, the re 
sult of a severe change in tension, is shown 
in C. All misregisters have been exagger 
ated for purposes of illustration. 


0.005 in., irrespective of the magnitude of the mis 
register reported by the scanner and selector switch 
Fixed increment control is the simplest system 
> Proportional Control—makes the correction d« 
pendent not only on the direction of the deviation, 
but also on its magnitude. ‘Thus, corrections for 
large misregistrations will be greater than for small 
> Proportional Plus Rate Control—computes the rate 
of change of consecutive error signals, anticipat 
ing increasing or decreasing misregister, and deliver 
ing signals that correct for error magnitude and rate 
> Integrating Control—computes a correcting signal 
depending on the integral of the error signal curve 
l'his mode, combined with proportional control and 
a dead zone, appears to be the most suitable (of those 
mentioned) for printing press registration control, 
and will be discussed in greater detail later 

Once the computer has established the amount of 
correction needed by the compensating rollers there 
are several ways to impart that correction. For fixed 
increment control a constant-speed motor driving 
the compensating roller runs continuously (but only 
for a certain length of time) upon receiving a corre¢ 
tion signal. When another error signal is received 
the compensating roller moves another small incre 
ment. Correction continues in this way until no 
more is needed, or until the system calls for correc 
tion in the opposite direction. The time duration of 
the drive signal can be tied to the speed of the press 
so that if press speed varies the amount of correction 
imparted for cach signal remains the same 

All the control modes mentioned above, with th« 
exception of fixed increment control, requise variabl 
magnitude correction as computed by the controller 
Variable correction can be obtained either by varying 
the speed of the drive, or by keeping the motor speed 
constant and changing the time duration of pulses 
and the intervals between them, depending on the 
size of the required correction. 


AN EVALUATION OF CONTROL MODES 
FOR AUTOMATIC REGISTRATION CONTROL 


The table, “How Register Responds to Control’, 
illustrates the types of response that can be obtained 
with no registration control and with the four con 
trol modes described above. ‘The time axis (or, equis 
alently, the number of copies printed) represents 
about 50 cylinder revolutions. ‘The left portion of 


this curve illustrates normal running, while the right 








portion shows the large deviation that occurs during 
the splicing operation. The vertical axis represents 
register deviation, the middle line perfect register 
the outside lines represent the acceptable limits of 
register, and the intermediate lines the limits of the 
dead zone. 

Che table contains, in addition to these graphs of 
register control, a brief interpretation of the results 
of the various control modes. The following evalua 
tion of these methods brings out the salient charac 
teristics of the printing press on which depends the 
selection of a suitable register contro] 

I'he simplest mode of all is fixed increment com 
pensation, but it has one serious limitation: if a large 
misregistration occurs, as during a splicing period 
each correcting impulse corrects only a small fraction 
of the total error 


incremental corrections to restore exact register. ‘Th 


Ihus, it takes a large number of 


magnitude of incremental correction which deter 
mines the maintained 
Otherwise, 


larger corrections might overshoot the acceptable re 


solution must be 
smaller than allowable register tolerance 


system 


gion. Despite the fact that a large error requires a 
long correction time, fixed increment register con 
trol, with a correction in the order of 0.005 in. per 
increment, has been used extensively for many vear: 
in a great number of printing plants 

The ever-increasing desire for improvement in 
quality of register and for decrease in waste during 
splicing has made it imperative to reduce the mini 
mum amount of correction imparted and at the same 
time to increase speed of correction during periods of 
fast changes in register. Proportional control mects 
these dual requirements, because it allows fast cor 
rection when large deviations of register occur, yet 
corrects to as fine a resolution as desired during not 


mal press operation 


Rate control, which results in faster correction 
uses a prediction of future deviations obtained from 
the observed past deviations. ‘Uh unplifer-control 


ler can be so designed that if the 
increases with successive 


letected deviation 
Canning periods, a largct 
correcting movement is initiated to anticipate an 
even larger deviation in the following period. And 
inversely, it the detected deviation decreases, | v1 
no correction is imparted, on the assumption that th 
printing press has a tendency to correct this deviation 
by a spontaneous shift in the proper direction. Thi 
assumption, however, has the following weakne 
predictions of future misregister are valid only to the 
extent that the possible changes of rate of change 
second derivative of curve obtained by plotting th 
consecutive error signals) are known 

If this second derivative wer completelh under 
tood, future errors could be predicted from inagii 
tudes and changes of earlier deviation In son 
processes this second derivative is governed by immut 
ible laws of nature, in other processes designs and 
dimensions lint the second derivative or son 
higher derivative to 


' 
vithin Coren Close range ol 
> 


Neither of these limitations can be used to 
predict deviations of printing presses, for factors 


such as quality of paper, type of pnnting speed of 


values 


press, paper tension, and so forth, create so many 
variables that it is difficult to predict how close future 
changes will follow the trend of earlier changes 
Plots of register deviation during splicing under 
varying conditions show such considerable vanations 
in the second derivative of misregistration error that 
while rate control may prove highly useful in certain 
processes, it seems to hold little promise for regis 
tration control in the printing field 

Past information is not, however, without value m 
the field. As the demand for better registration drove 
the resolution to closer and closer limits, it turned 
out that vibration of the printing pre: 
errors in the exact indication of register 


frame caused 
Although 
the overall rms value of these errors is in the order of 
0.001 in., peaks often reach 0.005 in. and more 

\s long as the system uses fixed increment control 
even these peak errors are of little importance. ‘I his 
type of control includes a dead zone (around the 
point of perfect registration) of two or three thou 
sandths of an inch, which prevents any slight errors 
Vhus effective 
corrected for) 
is the actual dead zone minus the peak values of 
frame vibration errors 

Proportional control theoretically requires no dead 
zone, but practically it does require it, for without it 
the system would continuously correct for frame vi 


from causing an unwanted correction 
dead zone (deviations of register not 


brations and other small errors. As a means of over 


coming correction from these spurious signals, a dead 


zone could be considered. ‘The dead zone would be 


normal errors 
so that 


just wide enough to accommodat 


added to the indication or perfect register 


Wet 


enses~ 





Sorresponding to mork 





VIG. 4. When the reference mark, printed at the first station, 
reaches a later station, the scanner senses it and generates 
an clectrical signal. This signal, and the electrical signal from 
the selector switch, are fed into an amplifier where they 


undergo computing determined by the control mode s lected 
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REGISTER RESPONDS TO CONTROL 


Correction; D Deviation; D '~ Dead Zone 


a, 6, and y are factors effecting stable control 
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FIG. 5. Because the register detector puts 
out electrical signals the necessary amplifi 
cation and computing can be accomplished 
electrically. The circuit shown here, and 
explained in the text, corrects for accumu 
lative small deviations through its integrat 
ing action and corrects for larger deviations 
through its proportional action. Either type 
of misregister operates one or the other 
of the correcting relays to move the com 
pensating roller and thus change the web 
length and re-establish perfect register. 


any deviation from perfect register outside the limits 
of the dead zone would call for correction 
ciple of adding dead zone to proportional control 
works fine in processes where the magnitude and 


he prin 


distribution of random error signals remain constant 
But this is not always so with printing presses 

In printing presses random vibrations come from 
a number of sources having different periods, and 
their repetition, therefore, is extremely irregulas 
However, the vibrations have this one reliable and 
immutable characteristic, a result of the fact that 
they are caused by the linear interaction of elasti 
vibrations: their average valuc Chere 
fore, the sum of consecutively sampled errors with 
perfect register yields a zero value, but the 
error will invariably grow one way or the other if 
W henever 


integration) of the error 


is strictly zero 
summed 


register deviates by the least amount 
the summation (or 
indicates misregister one way or the other a small 
correcting pulse, equal in magnitude to the desired 
resolution, can be applied to the compensating roller 
I'hus, a dead zone can be set to ignore even the maxi 
mum random error, and register can still be held 
at the optimum consistent with the 
press. 


ictual printing 


pending on the transmission medium of the signal 
In the case of electrical signals, which come from the 


Error signals may be integrated in many ways, d 


photoelectric scanner, the integration can be per 
An clectronic integrator (Figure 
5), developed (pat. pending) for Electric Eye Equip 


ment Co.'s Hurletron ‘| ype 96 circumferential regi 


formed electrically 


tration control system, has the characteristics needed 
to achieve improved registration in multi-color print 
ing. ‘This arrangement, which includes proportional 
control and dead zone, is one way of obtaining an 
industrially acceptable registration control. It will be 
discussed in the following section. ‘The principl 
mentioned, applicable to other areas of automati 
registration control, should indicate analogous wa\ 


of devising similar controls 


HOW INTEGRATING ACTION 
IMPROVES MULTI-COLOR REGISTRATION 


Figure 5 illustrates the basic circuit for obtaining 


integration of error signals, and includes the afor« 


mentioned proportional control] nid lead zone for 


ideal control. Essentially, thi ircuit mitains two 


imilar paths for error signals, one for lead deviations 


An CTTO!r 


the appropriate correctio 


ind one for lag deviation either direc 


relay to drive 


the compensating roller in the prope direction and 


tion operate 


thus diminish the registration deviation 
The amplifier associated with thi rouit has two 
et delivering nals proportional 
ind the other 


ignals proportional to small ind ran 


cts of outputs, one 
to the magnitude of large deviation 
et delivering 
dom error: Proportional lead and lag nals proceed 
onnect to the grid 

aes 
of the cor 
( losed 


iting motor 


through their associated diode 
of a triode, and operate one o1 the other 
rection relays in the output of the | odk 
contacts on a relay energize the omp 

The integration of small « Y] nals is a 
i charge that 


direction of 


complished by sending into a ipa 
Is positive or negative depending on 
the deviation, and that i proport I o the magni 
tude of the deviation. If the ave 


zero, the voltage on the ipacitor 


ill errors 1 
unchanged 
the po itive charges in capa to iItage exactly 
is much as negative voltage decreas 
If the average is not zero, the ipacit oltage will 
increase in one direction. ‘This integrated voltage, 
ipplied to a grid of the second twin-triode changes 
the voltage drop iCTO om plate resistance his 
reaches one of the grids of the out 
put tube which drives 
Neither relay 
i small error until the 


CX ecd i high OT low 


ignal eventuall 
cither correcting relay 
however, will operate as a result of 
oltage acro the capacitor 
t to the dead 
zone. ‘This limit is established by biasing the tube: 
Once the dead zone is reached (through an accumu 
ibration hight ce 
lations in reg or signal proportional to the 
magnitude of large deviation th orrecting rela‘ 
to drive thi 


limnut equi ler 


lation of exc« random ' 


operat compensatin to minimize 
the musregistet 


1 
Kiven a small deviation (if it persist mg enough 


vill be integrated bv the Capa itor and ce velop 4a 


orrectin igtia I hi Capacitance in be chosen to 
have correction occur as fast as } onsistent with the 
pattern Of random crrors present in the 


mtrolled 


particular 
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the “Command Performance” of the electronic 
computing age, the latest triumph of REMINGTON 
RAND UNIVAC® science, offers to engineers and 
scientists, senior and staff positions at the Philadelphia 


research and development laboratories; unparalleled 


UNIVAC LARC 


opportunities to associate with the prominent 





pioneers of computer science, at outstanding salaries. 
Electronic Engineers (Circuit Designers and 
Magnetics Engineers), Logical Designers, Electro- 
Mechanical Engineers, Technical Publications 


Engineers, Mathematicians. 


The “LARC” multi-million dollar computer to be 
built at the research and development laboratories in 
Philadelphia, for the atomic energy commission, 

is the latest of many of the “giant-steps”’ taken in 
the commercial computer field by REMINGTON 
RAND UNIVAC, the first name in complet: 
electronic computing systems. For appointment to 
discuss staff positions with the director of 
engineering and his staff, telephone Baldwin 3-0600, 
Professional Placement Manager, or write 
Professional Placement Department, REMINGTON 
RAND UNIVAC, 1900 West Allegheny Avenue, 


®In U.S, Patent Office Philadelphia, Pennsylvania. 
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DIGITAL APPLICATION SERIES 


Controlling A Process 


THE GIST: The first eight articles in this series dealt with the use of digital computers 
for solving scientific problems and for processing business data. In these applica- 
tions, computing speed did not affect system operation, and, in general, the output 
did not modify the input. Now, with this article, the series turns to the use of digital 
techniques for real-time process control. These techniques share with analog tech- 
niques the advantages of economic process optimization and direct control of end 
quality; but only digital techniques offer high accuracy and flexibility inherent in a 
stored-program machine. 

Although new, digital control techniques have made successful inroads in several 
areas. Airborne computers for navigation and weapons control have proven success- 
ful. Many numerical information-processing systems for the control of machine tools 
and other production processes are beginning to find their way to the factory floor. 
Systems for air-traffic control, real-time simulation, automatic component testing, and 
automatic assembly are in various stages of development. 

Despite this record, engineers have been slow in applying digital techniques to con- 
trol system applications. Two reasons are: one, slim understanding of the interaction 
between system and digital computer; and two, the difficult input-output problem. In 
science and business, the inputs and outputs are numerical by nature—coded and 
printed numbers or characters—but control starts and ends with physical quantities. 
Matching these quantities to a numerical control computer is generally unnatural. 

Dr. Salzer discusses the basic principles of digital control and concludes with a com- 
prehensive list of references. Succeeding articles will cover sampled-data techniques, 
encoding and decoding, digital control system design, and telemetering. 


JOHN M. SALZER 
Magnavox Research Laboratories 


lo understand the application of 
digital techniques to control, som« 
of the important characteristics of 
digital clements' must be known 
A number is a weighted representa- 
tion of a quantity, each 
digit position having a different weight 
attached to it. In the decimal nota 
tion the weights are powers of 10 
in the binary notation powers of 
Using an identical physical element 
for each digit of the number is basi 
cally an expensive way of represent 
ing a quantity (a different element 
for each complete number 
be cheaper), but is justified by simpli 
heations. Quantization yiells on 
simplification. Each digit in th 
weighted representation is required 
to distinguish only a fixed number 
of states: ten in the decimal case, 
two in the binary case. Note that 
weighted representation does not in 
herently require the quantization of 


physical 


would 


each digit, as is shown by the well 
known use of continuous (nonquan 
tized) coarse and fine dial Since 
two-state 
realizable, digital controls use a binary 
type number system 

Ifheient 
for storing binary digits, but their 
manipulations—such as addition, or 
multiplication by a constant 


elements are most easily 


technique ar ivailabl 


require 
an excessive amount of cquipment 
lor this reason it is generally not 
idding 
idditions to be 


< ontrol 


practical to provide as many 
units as there ar 
performed in ipplication 
\ saving is achieved by time-sharing 
the computing unit but} this immedi 
itely necessitate the sampling of 
data Information  do¢ not pa 

through the digital computer con 
tinuously; rather the value 
ties are 


of quanti 
noted at specific times and 
computations are carried out in s 
operation after the 
until a result is obtained. Then 
the next set of samples 
ed for computation 


quence one 
othe I 


can be iccept 


\n important intage of digital 
mechanization is the computational 
precision that can be attained, Accu 
racy can be doubled for the relatively 
ind thu 


I his 1s impor 


low price of a binary digit 
is inherently limith 
tant in certaim control 
Note the rapid advances 
control of 
ind certain militar 


problems 
in the digital 
precision machine tools 
weapons The 
refinement attainable through digital 


technique hould Hi prove the con 


trol of various industrial proc , 
Another possible advantage of a 
digital flexibility: the 


proper coded information can make 


omputer 
the computer perform a new control 
Insertion of thi 
tion can be automatic br 


function informa 


means of 
pune hed card magnetic tape or 

Although = thi 
obtained at the price of 


consid 


imilar input media 
feature 1s 
implicity erable circuitry cap 
able of automatically interpreting the 
coded program | needed—such an 


interpreter is much impler in i 


high peed digital omputer than in 
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an electronic analog computei, wher 
accurately switching continuous volt 
age levels is difficult. 

While flexibility is desirable, it 
usefulness in control applications is 
often overemphasized. It is most valu 
able during the development phase of 
a system, when it is desirable to try 
out various solutions on the sam« 
computer, although it is useful in sev 
eral other areas too. Among them 
physical simulation, a field in which 
digital computers are just beginning 
to prove themselves’ (here short setup 
time is particularly important); vari 
able-program computers, which are 
useful in so-called supervisory control 
applications (where the computer is 
used mainly as a decision maker); and 
automatic testing of components 
automatic assembly of electronic cir 
cuits, or the automatic machining 
of complex workpieces from recorded 
information, where flexibility through 
different programs may make it eco 
nomically feasible to automaticalh 
test or manufacturer limited number, 
of units, 

Related to their flexibility is the 
case with which digital computers 
can perform nonlinear operations 
Decision making is really a nonlinear 
operation because it 1s based on com 
parisons, or on the solution of equali 
ties and inequalities, Multiplication, 
division, and other nonlinear opera 
tions can be most accurately 
mechanized digitally. Consider, for 
example, air or ground traffic control 
by a central computer, The opera 
tions to be performed include count- 
ing, sorting, and solutions of nonlinear 
functions of speed, time of day, 
road conditions, ete. 

Another feature of digital equip 
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FIG. 1. Time-to-digital conversion. 


FIG, 2. Frequency-to-digital conversion. 
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ment is its memory, which can be 
as reliable and nondecaying as it | 
able to forget completely, depending 
on what the programmed instructions 
say. In this way closed-loop system 
can be compensated to have a fixed 
length of time for their transient 
response, rather than a_ gradually 
decreasing transient’. In systems hay 
ing long time constants, such as 
chemical or petroleum process« 
storage, an essential requirement, can 
not be satisfied otherwis« except by 
mechanical or manual means. Low 
frequency drift and the subsequent 
need for recalibration are not encount 
ered with digitally stored quantities. 

l'o take advantage of these features 
inherent in digital techniques, the 
designer must establish suitable links 
between the computer and the rest 
of the system. ‘This is the conversion 
problem 


How the computer communicates 
with the system 


Phe root of the conversion problem 
rests in the basic nature of control 
which is to measure physical quanti 
ties and control physical units. This 
is “instrumentation”, which 
both the low-power measuring el 
ments and the high-power actuating 
elements. Past instrument design 
efforts were directed toward matching 
the type of monitoring and servo 
systems that were prevalent. Whether 
the physical quantity was pressure 
range, velocity, torque, or even fre 
quency, the instrument designers 
attempted to produce a shaft position 
or voltage signal for feeding an analog 
control system. 

Ihe advent of 


covers 


digital controls 


found the instrumentati 
ubstantially unprepared as f 
cally new instruments wer 
Thus, the tenden 
certain extent still is, to 
ing instruments and provide 
sion devices between shaft position 
or voltage levels on one side, and 
digital representations on the othe: 
Many of the commercially availabk 
shaft digitizers and voltage-digital con 
verters will be covered in a futu 
irticle in this seri 
Today, however, effort 
made to attack the digital instrumen 
tation problem on a more fundamen 
tal level. Direct digital position 
measurements for machine-tool con 
trol can now be accomplished by 
photoelectric, electrostatic 
and mechanical mean And, a 
with the shaft digitizers, there are 
two basic methods of measurement 
ibsolute and incremental. In an abso 


COnVC! 


ire pcs 


magnet 


lute measurement a complete digita 
code is generated at each position 
and no reference need be made to 
previous measurement In an imer 
nental measurement only incremental! 
or quantized changes are noted, and 
the absolute position 

determined by accumulating all past 
increments. A third method of mea 
urement is also in use 


measure of 


here a pulse o1 
cyck repetition rate proportional to 
measured quantity is produced \ 
will be seen, digital processors can be 
designed to match any of the type 
of measurements 

lime and frequency measurement 
are fundamentally compatible with 
digital computer technique Pulsed 
radar range is measured as a_ time 
interval, and a digital indication can 
be obtained by counting into this 
time interval at a constant known 
pulse rate, Figure 1. Accumulated 
counts over a fixed number of echoes 
can produce an averaged or smoothed 
ligital indication of range. Straight 
forward as this sounds, in many appli 
cations it is still simpler to use existing 
radar sects and convert from the 
available shaft or voltage 
of range. With continuou 
incremental indication can be ob 
tained every time there is an addi 
tional cycle of delay in the reflected 
wave. The primary measurement of 
time differences was exploited in a 
hyperbolic navigation system", and 
can be considered in the measurement 
of speed or volumetric flov 

\ frequency is readily converted 
to a proportional numerical value by 
counting over a fixed time interval, 
Figure 2. A digital pressure transduce: 
manufactured by the Byron Jackson 
Electronics Div. uses a stretched wire 
that vibrates at a frequency deter 
mined by pressure. A Fischer & Porter 
ultrasonic flow meter measures flow 


indication 
radar, an 





by the difference in pulse rates up 
stream and downstream. Doppler ra 
dar produces a beat frequency directly 
proportional to the rate of change 
of range. Signals are often telemetered 
in frequency-modulated form, and 
their direct utilization in pulse-rate 
type computers has been considered" 
In manufacturing control, 
pulse rates can often be derived di 
rectly from “benchmarks” on a mov 
ing object 

When information is available in 
digital form, such as in pulse code 
modulated transmission links, it seems 
natural to use a digital processor 
However, the designer should be 
wary of jumping to conclusions. The 
available digital data may be incom 
patible with the digital 
in pulse rate, synchronization, o1 
code to such an extent that the 
digital-to-digital conversion called for 
might actually be wholly impractical 
The author knows of one case in 
which a combination of digital-to 
analog and analog-to-digital conver 
sions appeared more practical than 
a “straight’’ digital-to-digital conver 
sion. As always, catalogued solutions 
are no substitute for sound engineer 
ing. 

In the output to the actuating 
clement there are the problems ot 
conversion, storage oI interpolation, 
and power generation. Some provi 
sion must be made to present the 
output samples to the controlled 
equipment as continuous data. The 
simplest means of extrapolation is 
to clamp the last sample until a new 
one is computed, Figure 3. If the 
clamping or storing is done digitally, 
a separate converter is required for 
each output quantity. For economy, 
the converter is usually time-shared 
between several outputs (and inputs’) 
and the information is stored in the 
analog form. To clamp a_ voltage 
and support the load a cathode fol 
lower or similar circuitry may be 
required. A slight revision of this 
circuitry can provide a higher orde: 
extrapolation than clamping”. 

A servo system is required if the 
analog output quantity is to be 
represented as a shaft position. The 
technique of converting to a voltage 
first and then servoing the shaft to 
this voltage is becoming outmoded, 
Figure 4A. Some indication of shaft 
position now is being obtained in 
digital form and servoed directly 
against the digitally computed value, 
Figure 4B. Again the digital com 
parison may be either absolute or 
incremental, depending on whether 
the absolute value of shaft position 
or the incremental change in angular 
position is fed back to the error 
device. Because of the permanent 
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FIG. 3. Clamping the output sample. 
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FIG. 4. Digital-to-shaft-position conversion: 
A by voltage comparison, B by digital comparison 


offset caused by a lost 
the absolute measure is 
ferred However, the 

measure may be satisfactory if it 
inside a broader closed loop that has 
zero steady-state error. A good match 
between incremental output from a 
digital computer and shaft position 
can be obtained by using a notching 


increment, 
often pr 
incremental 


motor’. This technique is used to 
onvert the output of certam ma 
chine-tool numerical directors where 
systems are used 

radically different 
devices at the point of actuation is 
somewhat less pressing than at the 
point of measurement. Actuators ar 
expensive, so that only moderate gain 
could be obtained by adding elegance 
in conversion. Furthermore, 
ictuation is provided by a 
mechanism, the same digitally com 
patible measuring instruments devel 
oped for the computer input could 
streamline the output Some designs 
use a time interval (phase measure 

mw a frequency (pulse rate) for com 
parison in the output servo-system 


synchro follow-up 
Ihe need for 


whe n 
scrvo 


Controlling with an absolute computer 


In a so-called absolute computer 
tep uses the full 
involved quantities 


control problems 


each computational 
values of the 
although in most 


the various quantities change rela 
tively little between computing cycles 
Some 


require this te hinngue 


control applications, however 


Programmable absolute-type com 
puters are usuall led general-pus 
pose computes in the  hterature 
Given sufhcient time, these computers 
can perform almost am computing 
task called for by the program. As 
pointed out in the articles 
computers of this kind 
have been deve loped to a high degree 
of reliability and ar 


pre Vio 


in this seri 


videly available 
hould consider their 
use in a control system despite their 
drawbacks, since it is time consuming 


I he ce Signer 


and expensive to develop a spec ial 
purpose computer. Sometimes, in fact, 
ibsolute computer is 


b] 
reasonably = close to an optimum 


1 programmable 


( how c 


Ihe choice and design of such 
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FIG, 5. Four-digit binary-rate multiplier. 


a computer are circular procedures, 
One of the most critical parameters 
in control applications is the comput 
ing time—the length of the comput 
ing cycle. The designer must define 
the equations to be solved and esti 
mate the number of program steps 
necessary to solve them. This, to 
gether with the operation times of 
the computer or type of computer 
under consideration, gives a first esti 
mate of computing time. The designer 
can then determine the dynamic 
effect of the computer on the system. 
A practical rule of thumb is to replace 
the computer by an instantaneous com- 
putation in cascade with a pure delay 
of between one-and-one-half and two 
times the estimated computing time 


to account for the effects of sampling, 
input delay, computing delay, and 
output clamping. Means of analysis 
have been widely presented in the 


4, 2, a, le 


literature Depending on dy- 
namic effect, the designer may con 
sider a slower and cheaper or a faster 
and more expensive computer on the 
second go-around of design procedure. 

An absolute computer can be 
specialized by fixing its program”, or 
by heavily restricting its instruction 
complement”. As yet, however, the 
sialieg simplifications have not com 
pensated for its disadvantages. 

No matter what computer 1s 
chosen, the input-output equipment 
must be specially considered for each 
application—and this equipment can 
easily become more complex than 
the computer proper. 


Controlling with an 
incremental computer 


The first departure from general 
purpose absolute computers was a 
development at Northrop Aircraft 
Co., announced in 1949, This was 
the first digital differential analyzer”; 
its basic operation is a simple numer 
cal integration defined by 

Azg= yar (1) 
in which the incremental change in 
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increment 


of b 


the integral z is calculated by multiply 
ing the full value of the integrand 
y by the incremental change Ax in 
the variable of integration. The indi 
cated muliplication 1s particularly sim- 
ple if Ax is allowed to take on a 
limited number of values. In two 
valued (named variously binary or 
dinary) incremental arithmetic, a 
plus one or minus one quantum is 
the only permissible value for Ax 
or 4z (an alternation of positive and 
negative quanta signifies a zero). In 
a Reeoasinad (ternary) machine, 1, 
0, and —1 are the permitted incre- 
ments. In either case, the multiplica 
tion reduces to simple addition or 
subtraction, 

In commercial computers of this 
type, the arithmetic unit consists sim- 
ply of an adder-subtractor, and a 
magnetic drum _ provides properly 
arranged storage of the quantities to 
be used in each successive step of 
the calculation. Information coding 
on the drum gives considerable flexi- 
bility in sequencing this one (in some 
computers as many as four) operation 
with different combinations of var 
ables. A typical application for such 
a computer is the numerical solution 
of differential equations. While this 
type of computer is specialized to a 
few types of operations, it 1s quite 
general in that it solves different 
problems according to coded instruc 
tions. Actually, a large variety of 
functions and operations can be 
synthesized from the basic step de 
fined by Equation 1. 

Incremental computers can be used 
in control applications if the vari 
ables change only a small portion 
of their full value from one computa- 
tion cycle to the next. These compu 
tations take cognizance only of the 
changes in the variables, and make 
adjustments of the results according- 
ly. In the basic design of several 
such computers at the author's com- 
pany, the problem of system inte 
gration consisted of finding the proper 


balance 
quantization, 
noise filtering. 

The accuracy requirement on each 
variable determines the quantum (or 
least significant bit) size. This in 
turn, together with the full values 
of each variable, determines the num 
ber of digits required to represent 
each variable. The bandwidth of the 
signal inputs multiplied by a factor 
of five to ten usually defines the mini- 
mum sampling or computation rate, 
provided that the ‘higher noise fre 
quencies in the inputs can be removed 
before sampling. A tentative compu 
tation time is chosen, and the maxi- 
mum change of each variable per 
computation time interval deter- 
mined. This change is the increment 
size for each variable that the com- 
puter must handle. Note that the 
increment size can be greater than 
one quantum size. With some type 
of mechanization in mind, the design 
er can now get a tentative computer 
configuration and compare its per 
formance with system requirements 
The final design is obtained by 
successive—and hopefully convergent 

iterations of these design steps. 

The first incremental computers 
used magnetic-drum storage; actually, 
though, any kind of storage can be 
considered. Depending on required 
speed and capacity, acoustic delay 
lines, coincident-current magnetic 
cores, or shifting magnetic cores can 
be used. The arithmetic may be serial 
or parallel, or a mixture of both. It is 
also possible to use more than one 
arithmetic unit. The variety of possi- 
bilities is quite large. 


between sampling time, 
increment size, and 


Controlling with a pulse-rate computer 


In a pulse-rate computer, the vari 
ables are represented as either binary 
numbers stored statically, or as pulse 
rates. The latter representation re 
quires a frequency or pulse rate pro 
portional to the variable. Note that 
this differs from incremental repre 
sentation, where an increment occurs 
only when the variable changes. In 
a pulse-rate computer, a pulse rate 
must be maintained even when the 
variable is not changing 

Ihe pulse-rate computers discussed 
in the literature use a so-called binary 
rate multiplier” as their basic build 
ing block. The four-digit binary-rate 
multiplier of Figure 5 is typical 
Assume that b is a constant binary 
number with the binary point on 
the left, and that a pulse rate pro 
portional to the variable a is applied. 
I'he a-counter is used as a four-fold 
frequency divider, so that its output 
pulse rates are proportional to a/2, 
a/4, a/8, and a/16. The AND gates 
controlled by the b-register allow the 





proper rate to pass to the c-rate out- 
put. If b is 4, or binary .1000, the 
output rate c will be a/2. In general, 
c is the sum of up to four of the 
pulse rates of the a-counter. Pulse- 
rate overlapping can be avoided by 
tapping the flips, rather than the 
flops, of the a-counter flip-flops 

Ihe average pulse rate at the out 
put of the binary-rate multiplier repre 
sents the product ab. The c-rate 
properly averaged if the averaging 
time is an integer multiple of the full- 
count time of the a-counter, and if 
it can be assumed that b stays essen- 
tially unchanged for this time. The 
dynamic limitations of this kind of 
arithmetic device are apparent: con 
sider that in a control problem both 
a and b coukd be variables, and that 
for greater accuracy more digits per 
counter are required, Often many 
such rate multipliers must be cas 
caded, and such operations as division 
must be performed by using rate 
multipliers in iterative feedback loops, 
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further decreasing the dynamic effect- 
iveness of the method. Depending 
on the problem, the basic pulse repe 
tition rate of such a computer may 
have to be 10° to 10° times the 
required sampling (or computation 
rate. These ratios are several order: 
of magnitude greater than those 
required in an incremental computer 

Pulse-rate computers can be used 
in low-bandwidth application l to 
as in petroleum or chemical 
process control systems or component 
testing. Rate multipliers are readily 
constructed, and their proper inter 
connection leads to a relatively direct 
mechanization of computation. As 
noted previously, in some cases this 
type of computer is readily compatible 
with the form of input data. 


m 
4 Cps), 


What the future holds 


It is not bold to predict that the 
use of digital techniques in control 
applications will rise, but to say how 
fast or how far is more difficult. ‘The 
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IDEAS AT WORK 


A Trainer for Chemical Process Operators 


J. P. LAIRD 
E. |. du Pont de Nemours & Co., Inc. 


This trainer is a static analog 
of the control room graphic pan- 
els for a new chemical plant. It 
proved most valuable in familiar- 
izing future operators with the 
plant and its operating conditions 
before the plant was built, and re- 
sulted in less obvious gains, too. 


Ihe chemical industry is expe: 
iencing an increasing demand that 
new products be put into production 
quickly. One of the most difficult 
problems this poses in a new plant 
involves the training of plant opera 
tors. Usually these men are drawn 
from other types of work and must 
be trained to operate complex chemi 
cal manufacturing facilities from an 
elaborate central control room. 

Recently du Pont attacked this 
problem along different lines, using 
a process trainer to simulate the 
entire central control room of a new 
plant. Operators learned about the 
plant and received on-the-job train 
ing while the plant was being built. 

The success of this approach was 
outstanding in a number of respects. 
First, the information was conveyed 
to the student more quickly and 
more accurately, and stayed with him 
longer. Second, a checkup on what 
he learned was provided by letting 
him “operate’’ the plant. Third, he 
learned what to do in a large number 
of potential emergencies, thus sub 
consciously becoming familiar with 
the inner workings of the processes. 

During World War Il the Navy 
developed “synthetic training devices” 
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to train men in most phases of war 
fare. ‘The process trainer is based 
on these same techniques. Develop 
ment of the trainer was a joint effort 
between du Pont as user and the 
Carmody Corp. of Buffalo, whos 
resident, ex-Navy man Ed Carmody, 
1as been active in training work since 
1941. 

The process trainer consists of a 
number of panel sections which in 
appearance duplicate the panels of 
the central control room of the plant 
Over 100 ft of panel are simulated. 
Dummy instruments are mounted on 
the panels of the process trainer 
In this case the instruments were 
actual front portions of indicators, 
recorders, and other control room 
devices. Figure 1 shows an instructor 
pointing out to a class one of the 
many features of the process 


Use of trainer 


Each of the instruments located 
on the panel of the trainer has a 
movable pen or indicator, just as in 
the real instrument. The indicators, 
positioned by hand, stay where placed, 
permitting the instructor to set up 
any given problem on the trainer, 


Instructor points out feature of process on three 
panel section of trainer 


Power supply racks are behind panel 


explain it fully to the class, and 
illustrate the way in which the process 
would react from that point on 

Electrical circuits are functional 
High and low alarm contacts inside 
instruments, pushbuttons mounted 
on the panels, indicator lights, and 
alarm horns are connected to simulate 
operating circuits, interlocks, and 
alarms. General-purpose power racks, 
which support the panels and ar 
mounted on casters for ease of hand 
ling, supply the specific interlock 

cuits mounted on the back of th« 
control panels, One of the racks 
which contain the electrical power 
supplies and alarm circuitry is visibk 
behind the three-panel section shown 
in Figure 1. 

For flexibility, portability, and sav 
ings in the overall cost of the equip 
ment, the panels are arranged sepa 
rately without instruments. Holes to 
accommodate the panel-mounted in 
struments are provided in each panel 
Figure 2 shows a wooden crate, used 
for both storage and shipment. 

For economy, training is limited 
to one portion of the control room 
at a time. Thus only enough simu 
lated instruments are provided to 
equip any three adjacent sections of 





What makes these 
temperature 
instruments sell? 


ISCHER & PORTER temperature instruments 

sell. We can’t tell you all the reasons why, 
but we know instrument men order them again 
and again. 

It must be their reliability. It must be their 
accuracy. It must be their quick response. 

All of these things and more are built into 
F&P temperature instruments. 

Check the many advantages you get with 
F&P instruments: 


Fast response because of balanced design. Thin 
wall bulbs, internal capillary diameters and high 
filling pressure make it so. 

High Sensitivity 

For any application between minus 400°F and 
plus 1000°F. 

Linear output in all liquid and gas filled systems. 
Positive over-range and under-range protection. 


Up to four pens in one instrument 

Dual control instruments, with a// accessories 
enclosed within the case. 

Stainless steel parts, controller adjustments 
easily accessible, all controller options available. 


Even in the smallest details Fischer & Porter 
engineering provides you with the best answer 
to your instrument needs. Write for complete 
details or specific quotations. Fischer & Porter 
Co., 826 County Line Road, Hatboro, Pa. 


Illustrated Literature 
on Request 


Catalog 12-A-10 provides complete 
engineering specifications on F&P 
Temperature Instruments. A copy 
is free for the asking. Write nou 
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Computer manufacturers know General 
Transistor always delivers reliability. 
That’s why they depend on GT quality 
and GT service, and that’s why General 
Transistor is one of the largest sup- 
pliers of transistors for computers. 


FOR COMPUTER RELIABILITY 
IT’S GENERAL TRANSISTOR 










The Univac® File-Computer, a new in 
termediate sized data processing sys 
tem designed and manufactured by 
Remington Rand Univac Division of 
Sperry Rand Corporation 


Write for Specification Bulletins cover 
ing your applications. 


GENERAL TRANSISTOR CORP. 
Richmond Hill 18, N. Y. 
Virginia 9-8900 
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the contro] panel. This makes it 
possible to set up specific sections 
of the control room rather than the 
whole room. The three adjacent 
sections permit any of the basic oper- 
ating portions of the plant to be 
simulated. And only three electrical 
racks are used. In less than four 
hours it is possible to knock down 
the existing simulating section and 
set up on the trainer an entirely 
new portion of the control room 
The process trainer has many other 
advantages. It is possible to familiar- 
ize a group of students (potential 
operators) with the control room of 
the plant before the control room 
has even been built. Students can 
become skilled in the operation of 
the various devices in the room with 
out having to worry about spoiling 
one pound of product. The cost 
per hour of operating the trainer is 
essentially negligible. Conditions or 
sequences of events which could lead 
to accidents or malfunctioning of the 
process can be illustrated and correc 
tive means demonstrated. This is 
particularly important because it keeps 
the future operators aware of safety 
hazards and the need for continual 
vigilance. The student can easily 
operate the trainer by himself, using 
i as a training aid. This type of self 
instruction is partic ularly important 
One most important feature of the 
process trainer is its ability to convey 
information to the student quickly 
and without error. Another is its 
value in showing how much of the 
essential information the student has 
assimilated in usable form. This is 
called “playback”. An instructor can 






tell a student how to operate the proc 
ess and then show him how to do it, 
and the student can recite what he has 
been told and repeat the actions of 
the instructor. On playback, the 
student may get excited and forget 
all that he has been told. The process 
trainer makes it to develop 
confidence and dependability and 
thus assure having the right men in 
the control room 

Another feature of the process 
trainer is the assistance which it gives 
the instructor in obtaining the class 
attention and participation 

Students can easily demonstrat 
the procedures or steps which they 
would take if they were faced with 
a given problem. Thus a spirit of 
friendly competition maintains inter 
est and improves memory. 
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Other advantages 


I'he use of the process trainer has 
resulted in tangible savings in several 
areas. The first and most obviou 
is better training in less time. Another 
is safer plants hazardous 
conditions that were not recognized 
during the blueprint stages of design 
are brought to light. Also, the peopk 
being trained are more able to appreci 
ate hazardous conditions and poten 
tial sources of 


Possible 


iccidents because they 
are permitted to stray on the trainer 
into “hazardous” 
erable in the operation of the real 
plant. Another source of savings i: 
the check on functional design of the 
plant. The fact that the instructor 
and his students must reason out what 
will happen while they operate the 
process trainer leads to a better under 


situations, intol 
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standing of the mechanisms involved 
In this case, it led to the 
of several points of inconsistency in 
the design of the plant that was 
simulated. ‘The trainer has 
been well received by all who have 
seen it and used it. Before it was 
put into service there were 
who felt that its cost would be 
to justify, esp ially 
plant would be 


discovers 


proc css 


some 
hard 
since the real 
train 
ilmost with 


ivailable to 
operators Lhes« people 
out exception, reversed their opinion 
once the train vas on hand and 
put into use. It 1 likely that once 
purchased, a proce trainer will con 


tinue to be of use in traming replace 


ment and part-time operators 

As chemical plants become more 
complex and production speeds in 
crease, it is likely that process trainers 
will incorporate complete analog com 
puter faciliti o that the control 
room instruments actually perform 
is they will in the real plant. ‘The 
components ar iilable today; eco 
nomic justification is not far off 


Digital Machine-Tool Control Simplified 


THOMAS J. THOMAS 
Kearfott Co., Inc. 


Here is a simple “do-it-your- 
self” kind of digital machine-tool 
control system. Relays are used, 
rather than vacuum tubes. 
Punched-card input controls 
positioning by lead screw to 
0.0025 in. 


Fundamentally, automatic machine 
tool control resolves itself into a prob 
lem of accurately positioning a work 
piece from a comparatively inaccurate 
inexpensive, and easily produced 
master, such as a punched card, big 
ure | shows a simple solution (X-co 
ordinate section shown only 

The sequence of operations for thi 
system is as follows. The comparator 
relay tree receives an encoded signal 
from the punched card through the 
card reader, which represents the de 
sired X coordinate This signal, in 
the form of a true binary code, is 
compared with the position of the 
workpiece monitored by the mechani 
cal analog-to<ligital converter (Kear 





fott ADAC reared directly to it. The 
comparator relay tree 
two code S, digit ) 


these 
digit, starting with 
the most significant digit and proceed 
ing to the least significant digit until 
a null signal result As cach digit is 
compared, an ck voltage is sent 
motor, which 
1 two-phase high-per 
ymotor his signal 
drives the motor in the proper direc 
i null on the 
bringing the 


( om pare 5 


trical 
to the workpi drive 
in this case i 
formance se! 
tion to obtain a-d con 
verter, workpiece into 
the desired position for the machine 
operation Vhi ame 
operations | 
coordinate 

Having automatically positioned the 


yequence of 
then followed for the Y 
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NEW MINIATURE SERVO 


40% Lighter, 10% Smaller 


Here, no bigger than your thumb, is the smallest prac- 
tical servo control motor currently produced. Com- 
bined with Transicoil’s new Size 8 motor driven 
induction generator, and powered by a new completely- 
transistorized servo amplifier, this motor offers you 
the unusually high torque-to-inertia ratio of 28,000 
radians/sec’, 

Compared with a Size 9 control motor—until now, 
the smallest practical unit available—Transicoil’s new 
Size 8 measures only 0.75 inches in diameter, 10% 
smaller, and weighs only 1.4 oz., 40% lighter. Yet it 
operates on standard voltages from 26 to 52 volts, and 
52 volts with center tap, at 400 cps, permitting push- 
pull transistor application. 

Hence, just as Transicoil’s introduction of plate to 
plate wiring eliminated the transformer, once neces- 
sary in servo systems, the Size 8 units and transistor 
amplifiers mark another milestone in miniaturization. 

This is just one more example of how Transicoil can 
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TRANSICOIL CORPORATION 


Worcester, Montgomery County - Pennsylvania 





‘ 


Size 8 Motor Driven Induction Generator 
and Transistor Amplifier. All units of the 
Size 8 system have been designed for 
maximum performance in minimum 
space. 


solve your control problems whether they involve 
miniaturization or control complexity, and go on 
to manufacture systems and components of the 
utmost precision and accuracy. You pay only for 
results—on a fixed fee basis for equipment deliv- 
ered and performing properly. 

Technical data on the new Size 8 combination 
and the transistorized amplifier is yours for the 
asking. But you'll end up with a better system if 
you write outlining your servo control problem. 
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FIG. 1 


Punched-card programmed digital machine-tool control systems 





FIG, 2 


Laboratory 


model of a digitally-controlled drill press 


work, the program switch signals the piece into position. One revolution with the true binary system; other 
drill press to automatically lower it- of the converter shaft equals 16 bits number systems do not contain this 
self and drill the desired hole. The I'herefore, since the lead screw makes logic. Since digits are compared and 
drill head used in the laboratory model ten turns per inch of advance, each oulled individually, the disadvantage of 
(Figure 2) is driven by a pneumatic inch is divided into 448 parts. The the true binary tem, i.c., ambiguity 
pressure. ‘The semi-automatic drill re digital capacity of the converter i between digits, disappears 


tracts after drilling a hole to a preset 
depth. After the drilling operation, 
the programmer advances the card to 
the next position to repeat the se 
quence above until all the holes coded 
on the punched card have been drilled 


Che programmer in the lab model is digit, starting with the most signifi ing the desired station. In this case 
a simple stepping motor operating a cant place. While this is being don it would take 12 pushbuttons, on 
multi-wafered switch the errors at the less significant place for each digit. By actuating the cor 

ire kept from driving the servo by rect pattern of pushbuttons, any posi 
Comparates means of a “suppressor” circuit. ‘Th tion could be inserted, with a resulting 

The digital comparison between in servo is so designed that when the resolution of p minus 0.0025 in 
put and output is done by the relay input signal is “1” and the equivalent 
tree shown in Figure 3. Besides com true binary value of the slip ring | 
paring the input and output digit by readout is “0”, the drums are driven in ol, 
digit, the relay tree converts cyclic in increasing direction to null, Con 1% 1 \e 
binary from the a< converter to true versely, if the input is “0” and thi dn Lo 
binary prior to comparing it with the equivalent readout is “1"’ the drum a os . ty 
true binary command signal. Cyclic will be driven in a decreasing direction seal “ie } 
binary eliminates the ambiguity inher After the most significant digit is in same came + 2 +. 
ent in true binary coding igreement with the input, the next ; A J 

Ihe comparator and digital code digit is compared. and nulled in like 
conversion for the 12-track digital manner. ‘This operation continues un : 
encoder used in the laboratory model til the readout agrees with the input ' y 
required 12 four-pole double-throw correct to the least significant digit “3 
and 12 double-pole double-throw r lor example, take an arbitrary shaft —* be 
lays to accomplish the above position represented by arabic num ‘ ns : 

Any disagreement between the con ber 39, whose true binary representa i . ’ ; + An 
verter and the card input applies tion is 100111. If the input code i basa a pd 
voltage to the servomotor (Kearfott Q1OO11, it will be seen, a explained oT : ¥| ‘’ as 
R160) to drive the converter into below, that the shaft is steadily driven ‘ A, 
coincidence with the card input Di in the decreasing direction (from 39 ? , 
rection sensing is built into this ci to 29 hus, the most significant 
cuitry. No vacuum tubes or other digit will be driven from | to 0, until a y 
means of amplification are required the number reaches 31. Since the fol le 

Ihe output of the comparator relay lowing three digi. are identical, an at “T° 
tree drives the servomotor, which po error in the fifth digit will cause the , ots 7 
sitions the lead screw through a shaft to rotate (still decreasing) until .— 1 a i ; senate 
10.35:1 ratio gearhead. ‘The a-d con the 29 is reached at which time th ¢ . gine PS 
verter is directly coupled to the lead sixth digit is also satisfied a at j “gs -. 
screw (Figure 1) through a 2.8:1 gear The servo is always driven in th : ‘? A 
ratio and is simultaneously positioned proper dircction to nullify the error sews cone 
by the motor while driving the work without hunting. This is possible only FIG. 3. Relay tree circuit used in comparator, 


4,096 bits, precisely resolving th 
9-in. lead screw into 4,096 parts, o1 
better than plus or minus 0.0025 in 


Data comparison 


I'he codes are compared digit by 


Manual operation 


A manual operating panel can easily 
be adapted to this method of control 
simply by providing a pu hbutton in 


put to the relay comparator represent 
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SMALLER SIZE, LIGHTER WEIGHT Of the new Sola Type CVH regu- 
lating transformer design is shown by the comparison of 1000va 
units shown above. The new unit shown at the right utilizes a single, 





rectangular housing that replaces the core-and-coil-assembly and 
separate neutralizer component. Also available in the new design 
are 250 and 500va capacities. Finish is gray hammerloid. 


New Sola Harmonic-Neutralized 
Constant Voltage Transformers 
greatly reduced in size and weight 


Now the valuable performance features of the Sola 
Harmonic-Neutralized Constant Voltage Transformer 
(Type CVH) are offered in a new unit design that 
provides up to 60% reduced size and 54% lighter 
weight. In addition to significant size and weight reduc- 
tions, the new Sola Type CVH regulator design provides 
the lowest external field of any stock static-magnetic 
stabilizer available. 


Essentially, electrical characteristics of the new Type 
CVH regulator are unchanged. Stabilization is +1% 
regardless of primary voltage swings over a newly- 
expanded range of 95-130 volts. Sinusoidal output is 
delivered with less than 3% harmonic distortion at rated 


SOLA Gincronmtas 


fires, VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS © MERCURY vere ered TRANSFORMERS 
ropa 4633 Bao A co Street, Bishop 103 E. 125th St., T 6-6464 





Hy oA fuclig’ Aves 


106 CONTROL ENGINEERING 


® BOSTON; 272 Contre Street, Newton 58, Mass., vd Be 
TY 2, aS. 34th St., Jefferson 4362 © LOS ANGELES 23: 3138 E. Olympic Bivd., ANgelus 
asl © MoLa' et Bic (CANAD t7D., TORONTO 9 , ONTARIO; 102 Laird Rive, ney wart ® Representatives 


load. The nominal output rating has been raised to 118 
volts to correspond with similar input reratings of 
electronic and other equipment. 

Sola harmonic-neutralized regulators may be used for 
the most exacting applications with equipment having 
elements which are sensitive to pow. -r frequencies har- 
monically related to the fundamentai. They are espe 
cially suitable for input to a rectifier when close regu 
lation of the dc output is required. 

New design Sola Type CVH regulators are available 
in three capacities — 250, 500, and 1000va. For specific 
advice on your particular application, consult your Sola 
representative listed below. 


Request Explanatory Circular 


SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago 50, Illinois 





2-1414 @ NEW YORK 36; 
4.3354 @ CLEVELAND 15: 


in Other Principal Cities 


















IDEAS AT WORK 


TWO IDEAS in 


Vibration Testing Instrumentation 


ACCELEROMETERS SIMULATE TUBES 


Special accelerometers measure vibrational forces at electron tube 
elements as transmitted via the tube socket. The accelerometers 


simulate tubes in size and shape, and plug into the tube sockets. 


©. A. BIAMONTE 
Signal Corps Engineering 
Laboratories, and 


A. W. ORLACCHIO 
Gulton Industries, Inc. 


Accelerometers mounted on_ the 
chassis at a tube socket location very 
often give a poor picture of the forces 
encountered by the elements of a tube 
mounted in that socket. The reason is 
that vibrational accelerations can be 
transmitted through the socket to the 
tube and multiplied by whatever me 
chanical lever arms are present. Thus, 
chassis that have been vibration tested 
in the normal way and found satisfac 
torily within tube manufacturers’ ac 
celeration limits can cause tube failure 
in practice due to excessive accelera 
tion of the tube elements. 

l'o determine the acceleration force 


FIG 





; 


tube so that vibration is transmitted 
to them in the same manner, Figure | facc} 
Originally, the Signal Corps required (aec} 


that the accelerometers be omnidirec 


f ] f ty } ’ f - 
' oy [ Peak Driver 
tional and simulate the tube element facc} ter}; T - S { 2 he} re t oT Amo | “| garnet | ~ amp | 


in both size and weight. During the —— 





[ 


that actually exist at the tube elements Automatic | Bandpass network ] te honne 
on a vibrating chassis, special acceler facc} il as ly {$i ic } 
ometers have been built that simulate -— ve — { 7 | 4 | 
i} | > . A 
the size and shape of various standard lace} | & {cP} ; —(ake , rd 
electron tube configurations. These ° (ig lt | ‘1 fitten 4 a 
accelerometers are mounted on stand lac a {atten} ie | | settelor |} Heese 
ard tube bases at the same height above [acc } || ' (oue} occer | 
the base as the elements of the tubs 1] ! A 
T faec} + ‘om |_| } | . | ar] 
being simulated. They are plugged Oe -~42e } ‘- Am [Recorder 
into the socket in the same way as the ACC | | ’ f J _J 
| ' i 
Se | oe 


progress of the development, the omni lace} { Atten | a 
directional approach was abandoned in 7 , , 4% , | Recorder | 
favor of three mutually perpendicular hod wer 

seismic elements in each accclerometer PIG Programmed system for automatically recording data from accelerometers 
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Precision control for a metal monster 


@ To Denison Engineering went the task of designing accurate, foolproof 
control equipment for this huge compacting press built by Adamson United, 
Akron, Ohio. Covering more than 40 square feet of platen area, the press has 
a 40-inch ram designed to operate on a 2300 psi hydraulic system. 


The control system developed by Denison employs.a variable-volume 
axial-piston pump driven by a 15 h.p. motor. A manifold-type hydraulic 
panel completes the system. 

Engineering consulting service like this is available to you at all times to 
save your design time and assure dependable, efficient performance of your 
“ hydraulic circuits. Write us. Denison Engineering Division, American Brake 
Denison variable volume Shoe Co., 1247 Dublin Road, Columbus 16, Ohio. 


axial piston type pump 
with presiure compen 
tating control, hey to this 
bydraulic system for 
Adamion United Press 





DENISON 


HYDRAULIC PRESSES+ PUMPS - MOTORS: CONTROLS an. eo} Lica 
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housing. The Z axis of the Cartesian 
coordinate system thus formed lies 
along the longitudinal axis of the tub« 
Ihe X and Y axes are in the lateral 
plane perpendicular to the longitudi 
nal axis 

A test system has been designed to 
iutomatically record the outputs of up 
to 20 of these special accelerometers 
in sequence. In this system, the X 
and Y signals from each accelerometer 
are added vectorially and the sum is 
recorded. The Z signal is recorded di 
rectly. The system is diagrammed in 
Figure 2. 

In the automatic sampling selector, 
the switch has six 10-position sections 
which are grouped in pairs. ‘The out- 
puts of one accelerometer at a time 
are connected to the cathode followers 
All other connections are grounded 
I'he switch is ratchet<inven by a Le 
dex rotary 
stepped by a motor-driven cam switch 

The filter networks consist of three 
units, one for the longitudinal input 
and two for the lateral input. Each 
unit has a 2-ke filter, a 5-ke filter and 
a 6-db attenuator. Any of these filters 
or attenuators can be switched into 
the circuit manually. 

The main components of the longi 
tudinal channel are an amplifier and a 
peak detector. In the amplifier it is 
possible to change the gain by use of 
a voltage divider; this permits the selec- 
tion of a unit having full-scale sensi 
tivity of either 2, 5, 20, 50, or 100 g’s 
Following these amplifiers, there is a 
double diode which operates as a peak 
detector. One diode indicates posi 
tive peaks, the other negative peaks 
The magnitude of all peaks are then 
permanently recorded for analysis. 

The lateral channel operates in fun 
damentally the same way as the longi 


solenoid _ progressively 





FIG. 3. A typical test setup for vibration testing an electronic chassis. In this 
ise leads are brought out from the tops of acce eters that simulate tubes 
tudinal channel. However, tollowmg dividual filtered outputs of the seismu 


similar to the 
one used in the longitudinal channel 
there is a vector adder Here the 
amplified X and Y signals are passed 
to phase splitter The 
signals of the phase splitters are then 
modulated with a 3-megacycle carrier, 


the amplifier, which i 


four output 


each in a separate modulator tubs 


The outputs of the four modulators 


are phase-shifted in a three-section de 
lay line. Each section shifts the signal 
by 90 deg. These signals are added in 
and the sum 
is amplified and sent to the peak de 
tector circuit 

Provision is made for monitoring in 


a common impedance, 


iccelerometer. This 
of data which 
ind which, when 
proces ed in give i frequency-vs.- 
pecihe socket 


clements of an 
permits the gathering 
can bi put 1 tape 
unphtude ma ita 
location 

Thi equipment has been under 
evaluation at the Signal Corps Engi 
several 
hows a typical test 
setup. While it is not yet used in the 


necring Laborators for 
months. Figure 


held by eqiuspment manufacturers, it 
to be a useful tool for the 


evaluation of sho 


Promise 
k and vibration prob 
tron tube and elec 


cha lesign 


lems regarding el 


fron 


2. SHAKE TABLE OPERATES IN WIDE TEMPERATURE RANGE 


K. M. MILLER, LearCal Div., Lear, Inc. 


Temperature affects the stiffness, hence the mechanical reso- 


nance, of many materials. A new test chamber, vibration- 


isolated by means of a neoprene bottom, permits the specimen 


undergoing vibration tests to be heated to plus 125 degrees C, 


or cooled to minus 55 degrees C. 


Unsu pecter mechanical reso 
nances, which might quickly destroy 

ubject to vibration in sery 
ice, can be detected by vibration test 
Steps can then be taken to control the 
These tests are normally 
made at room temperature, however 
and the data may be entire] 
other temperati 


A simple te 


been developed which can be 


issemmb)ic 


resonance 
invalid at 


nperature chamber has 
idded 
to a shake table and which allow: 
vibration tests to be made over the 
range from minus 55 deg C to plu 
125 deg C. The equipment used con- 


sists of commercial] iailable con 
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Construction: Some of the outstanding design 
features of this Power Appliance Relay are a molded 











terminal block and actuator, a dust and lint hood over Exploded View oor 
contacts, and a unique “hammer-action” on contact Screw Terminals Screw Terminals Quick Connect Terminals 
opening which actually forces contact open ENGINEERING DATA 
The > 2 i ‘Qo slaw ie@ avails 
The R-B-M Power Appliance Relay is available Specifications Power Appliance Relay Type 75 
either single pole normally open, or two pole nor- Pnctinet Reeds S.P.N.O. or 2 PNO. 
mally open and will be furnished with screw or quick 25 amps. per pole resistive at 230 volts 
connect contact terminals. 60 cycle 
: ' . Contact Ratings Inductive ratings— Consult factory for 
A low wattage coil can be incorporated into the special inductive ratings giving details of 
relay if ambient temperatures are higher than normal. application 
All coil terminals are of the quick connect type. Contact Terminals Screw type or Quick connect type 
Coil Terminals Quick connect type 
| 4 oan a , Up to 240 volts, 50 or 60 cycle 
Application: The Power Type 75 Appliance (Standard Pick up 85% Rated) 
Relay has been designed for appliance applications Coil Ratings Volt Ampere Ratings (Approximate) 
where trouble-free operation and low cost are vital oe a —— Se 
: “ p ‘ . cycle cycle 
factors, Also, special ratings are available for induc- 60 pe 16 60 cycle 12 
tive or motor loads. Pilot duty device normally con- Design Ambient 120° F. Moximum* 
nects coil to voltage source and contacts close the Approx. Dimensions | 2-31/64" x 2-35/64" x 2-1/4” 














power Circuit. 
I *Consult Factory Giving Specific Application Details for Higher Ambient 


Send for Descriptive Bulletin 


oy) RBM DIVISION 


ESSEX WIRE CORPORATION, Logansport, Indiana ‘ 
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straightforward on-off 
cold selection i 
hosen manually 
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IDEAS AT 


range 


WORK 
In the center is the shake ta 
ble with the test chamber in place 
At right is at rack in which the 
temperature controller 1: housed 
lh igure hows the cover and the 
interior of the test chamber. A small 
transformer is in place in the test 
chamber ready f testing, On the 
cover can be s¢ t vatt strip 
heaters and a fan. The fan provides a 
uniform tem| ture distribution 
when the cham! in operation 
Che control circuit is shown in Fig 
ure On-off control is used and the 
operator can select a hot or cold test 
condition. A switch on the heaters 
permits operat it either a high or 
1 low rate 
Ihe mounting of the test chamber 
is of special interest, The four sides 
of the chamber are mounted to the 
shake table frame by means of vibra 
tion isolators. ‘The bottom of the 
chamber is a sheet of neoprene rubber 
through which the shake table proper 
extends. Thus the test chamber with 
hee ’ onae table setup with Fig. 2. Interior of test chamber shows its connecting wir . subjected to 
emperature test chamber in place small transformer mounted te testing “— vibration y : if ' 
1¢ cover of the test chamber con 
tains the necessary contro) elements 
trol components and a specially con Just in front is a CO, bottle. C¢ un PPeape Fae um yer wry bedi 
mop chamber, Control is accurate der high pressure is allowed to expand gage is used on the CO hatte 
to plus or minus 2 deg C. to atmospheric pressure. The corre . The unit has been in yperation for 
Figure | shows the laboratory setup. sponding drop in t mperature gives ‘d Pas sap Seve 
At left is the shake-table control unit. control over the low t mperature ta : ee ee ee eee 
Heat demand Auxiliary ewitch | 
mercury switch o 7 =A, adopter kif ¥ 
7 ® Heat ae 
AR thy et nF ee 
5 re es | | omens —- amid iON 
/ ; “0 500 
he ic |¢ joc o— ~ “ Control relay, 115 VAC 60 CPS , 
= ae —ip |p Sitcedites \. Lontocts RA 750 ot 20 AMPS | « 
= Cool demand split phase , 
mercury switch | 7 VAC ; 7 
—}- oe 117 VAC — — 
iP 4 60% | 3in.fon > = 
( = = 
” 
ntr 


Strip heaters(2 ) 
chromolox 
115 V, 500 W 


WS 605 X 55 HAJ 
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UNIVERSAL LOGGER is packed with flexibility. 


Called the DATA-LINER, this brand new universal logger 
is of building-block design, its standard instruments provid 
ing reliability and ease of maintenance. 

The console (photo left) houses the following components 
© As many as nine input adapters to change primary trans- 
ducer signals into appropriate 60 cps ac signals, and perform 
numerous auxiliary functions 
PA basic encoding unit that indicates the value of the in 
put signal and converts it to digital form. 

P An input programmer that will handle inputs from 48 
primary elements, select the format for printing, and control 
subsidiary functions. 

P An output programmer that controls the operation of one 
or more input programmers and also controls the typewriter 
PA digital clock to indicate time in digital form, and pro 
vide signals for time-typing and periodic logging. 

P A regulated dc power supply for typewriters, relays, step 
ping switches, and rotary solenoids. 

PA regulated, filtered ac supply for operating one or more 
ac adapters 

Thermocouples, strain gages, resistance bulbs, and many 

Housing a number of time-tested components, this other primary elements are easily accommodated by the versa 
attractive logger features an extremely flexible tile input section.—Hanson-Gorrill-Brian, Inc., Glen Cove, 
input section, Its official unveiling will occur at N.Y 

the Automation Show in New York City Circle No. 9 on reply card 


INTEGRATOR is an ISA prize winner. 


Vhis device took second prize in the data handling section 
of the “New Ideas in Instrumentation” contest at the ISA 
show in New York. A mechanical integrator, it consists 
basically of a disc, drum, and floating ring. In operation, an 
input shaft drives the disc which in turn causes the floating 
ring (mounted perpendicular to and in contact with the 
disc) to rotate at a speed proportional to its distance from 
the center of the disc. Situated at a mght angle to the axis 
of the input shaft, perpendicular to the plane of the floating 
ring, and in contact with the inside edge of the ring is the 
drum. The output shaft is merely an extension of this 
drum. Thus the speed of the output shaft (speed of the 
drum) is directly proportional to the product of input speed 
times the displacement of the ring from the center of the 
dise. A constant of proportionality is also required to account 
for the ratio of disc and drum diameters. Some uses includ 
variable speed drives and ratioing mechanisms.—Optimum 
Engineering Co., Inc., Grand Prairie, Tex 


Circle No. 2 on reply card 
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PILOT OPERATED air valve is electrically safe. 


This attractive double solenoid air valve utilizes a spool 
type pilot. When one solenoid is energized, the spool moves, 
causing the main valve to shift. The main valve will then 
Stay in this position until the second solenoid is energized, 
causing it to shift back to its original position. This prevent 
the valve from reversing in the event of an electrical failure 
Solenoid enclosures are waterproof and airtight; valve covers 
are chained to the body. Recessed pins at either end permit 
manual operation without cover removal. For safety, the 
valve is electrically inoperative when the covers are removed 
Available sizes are } in., 2 in., 4 in., and } in.—Automatic 
Valve Co., Farmington, Mich 

: Circle No. 3 on reply card 


POWER SUPPLY has a double function. 


Designed to provide either constant current or constant 
voltage, this compact portable power supply should prove 
useful in semiconductor and electronics research as well as 
in general laboratory work. The required current or voltage 
remains at the selected value under varying load or line 
conditions. Regulation is provided by feedback loops, a 
control amplifier, and series regulator tubes. ‘The output 
is monitored by a multi-range combination voltmeter-mil 
liammeter. For constant current the voltage adjusts itself 
between 0 and 400 volts. For constant voltage, current 
ranges from 0 to 200 ma.—Matthew Laboratories, Yonkers, 
N. Y. 

Circle No. 4 on reply card 


PRESSURE PICKUP is stable and versatile. 


Ihis unit measures dynamic pressures of complex waves 
from sonic vibrations, blast pressures, and water hammer in 
pipe lines. Dynamic pressure auuplied to the diaphragm 
of a sealed liquid-filled cell causes an infinitesimal amount 
of polar liquid to flow through a porous disc, generating an 
electrical signal. This is known as “streaming potential”. 
Operating pressures range from 0.0001 to 100 psig. The 
unit is said to have a flat response between 3 cps and 25,000 
cps. Oscillations in this frequency bracket produce electrical 
signals in phase with and proportional in amplitude to the 
pressure. A high output and a very low internal impedance 
are additional characteristics.—Consolidated Electrodynamics 
Corp., Pasadena, Calif. 

Circle No. § or reply card 


TRANSISTORS convert signals for telemetering. 


This compact converter accepts variable frequency input 
signals from turbine-type flow meters or ac tach generators 
and changes them into a 0.5-volt signal suitable for tele 
metering. The unit is intended for use in guided missiles 
and piloted aircraft where flow rates of propellants, jet fuel, 
engine oil, and hydraulic oil must be telemetered to the 
ground. It uses seven transistors and is housed in a in 
by 2 in. by 24 in. box with a single aircraft-type connector 
Output, said to be linear within 0.2 percent of full ile 
varies less than 0.2 percent for a 5-percent change in th 
supply voltage. ‘Temperature range is minus 60 to plus 170 
deg F. Span adjustment is included to give 5 volts output 

Waugh Engineering Co., Van Nuys, Calif 


Circle No. @ on reply card 
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but extremely SENSITIVE! 


PARTLOW TEMPERATURE CONTROLS 
are built to withstand rough usage, but 
they’re also extremely sensitive to slightest 
temperature changes. They'll take a lot of 
punishment without upsetting their accu- 


racy and precision, SEND FOR THIS 


if your process requires precise tempera- 

ture control in the ~30°F to 1200°F range, . R t t 
you can do it better... and at lower cost 

... with Partlow Controls. 

They‘re less complicated than thermo- CONDENSED 
couples. Thick-walled capillaries and seam- CATALOG 


less tubing assure almost indefinite life. 
Elements can be replaced on the spot. 


What's your control problem? 
Tell it to Partlow! 


THE PARTLOW CORP., Dept. C-1256 
New Hertford, N. Y. 
Offices in All Principal Cities 





MODEL LS MODEL RS 


Indicating Recording 
Temperature Temperature 
Control Control 


the pioneer in mercury thermal controls | 


NO MATTER WHAT YOU MAKE, PARTLOW CONTROLS WILL HELP MAKE IT BETTER 
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NEW PRODUCTS 


RESEARCH, TEST 
& DEVELOPMENT 


FOR FIELD TESTS 


Control amplifiers can be quickly 
held-tested by this compact portable 
inalyzer, which connects to the ampli 
her through a tube socket plug adapter 
without disturbing either the input 
or output connections. Check-out pro 
cedure consists simply of sequencing a 
selector switch and observing the cor 
responding waveforms on the analyzer 
screen.—Parameters, Inc., New Hyde 
Park, N. Y. j 
Circle No. 7 on reply card 


FOR BREADBOARDERS 


his typical servo-system mockup wa 
constructed from breadboard com 
ponents now being marketed by Heli 
pot. Included in the recently acquired 
line are such parts as grid plates, shaft 
hangers, couplings, limit stops, dial 
issemblies, gears and differentials, as 
well as such special items as magneti: 
clutches and ball-disc integrators. In 
iddition to individual parts, kits are 
ivailable containing a carefully se 
lected assortment of the most fre 
quently used parts.—Helipot Corp., 
Newport Beach, Calif 
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BIEME 


BENDIX SUPERMARKET FOR PRECISION SYNCHROS 


If you’re in the market for precision synchros, it will pay 


sure it’s the Bendix ‘‘market” you’re in. There you'll get 


FAST DELIVERY: Because of our heavy volume—as the country’s largest 


producer of synchros—we can offer immediate delivery of practically 
all synchro types. 


MINIMUM COST: Again, because of our heav: 


y volume, we can fill even 
small-quantity synchro orders at production prices 


ALL TYPES—PREMIUM PRECISION: We make just 


about any type of 
synchro you could want 


all built to the exacting precision standards 


that long ago made Bendix the “‘buy-word”’ for synchros 


So, when you’re shopping for precision synchros to use as transmitters 


receivers, control transformers, differentials, or resolvers including 


corrosion-resistant and high-temperature models be sure to find out 


what we have to offer 


District Offices: Burbank, Calif., Dayton, Ohio; Seattle, W ash 


Export Sales & Service: Bendix international Division, 205 E. 42nd St., New York 17, N.Y 
P 


Eclipse- Pioneer Division 


TETERBORO, WN. J 





y you to make 





SIZE 8 
CORROSION- 
RESISTANT 


L Retires 
ding electrical 


¥ MOTOR GENERATORS 


Ya of 1% to 3000 


; 
y 


¥ LOW-INERTIA 
SERVO wtrcdotastone 


High tor qvet nertia 
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wide range, 
high-flow regulator 


maintains high degree of accuracy 





with regulated pressures from 0 to 5000 psi! 
AC RATIOMETER 


[his completely automatic ac rati 
ometer will measure, with no phase 
shift error, the ratio of two ac voltages, 
FE, and E,, where E, is derived from 
FE, and E, drives both the bridge of 
the ratiometer and the test unit. 
Measurements are displayed digitally 
on the in-line five-digit readout. In 
operation, ac voltages are converted to 
dc, and the de voltages presented. 
(‘he instrument is suited for trans- 
former testing, precision tachometer 
and resolver testing, and for checking 
ac networks. Suitable for rack mount 
ing, the panel measures 14 in. by 19 
in.—Electro Instruments, Inc San 
Diego, Calif. 
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performance features: 


© Normal inlet pressure of 6000 psi! @ Also available in AND10053 14” pipe ; 
: ee = = 





© Wide adjustment range of 0 to 5000 thread! | 
psi with extreme sensitivity! © Internal valve and filter are remov- 

© Burst — 15,000 psi! able without disturbing spring, dia- 

@ Maximum required handle torque 30 phragm structure! 
inch Ibs. due to planetary gear sys- © Internal relief valve adjustable over. LOG CONVERTER 
tem in handle! entire outlet pressure range! 


Available in either desk top or rack 
mounting form (as shown here), this 
new logarithmic converter accepts ac 
or de input voltages and provides a dc 
output proportional to the logarithm 
of the amplitude of the input voltage. 


© Adaptable for use with air, nitrogen, ° 
helium and gaseous oxygen! 


Internal 5 micron filter! 


© Bubble-tight shut-off! 
@ 4%” tube straight thread gasket 











seal bosses per AND10050! @ Adjustable mounting! his type of presentation has the ad 
ecercceccccccccccce TETTTITITITITITETITT TTT TTT TTT vantage of permitting the plotting ot 
° ; wide-level ranges with maximum a 
: Please send me engineering data information on: . curacy at low amplitudes, Power 
° : supply is self-contained. Input at 
; Part 110700—Air, nitrogen, helium. ae . tenuator has five steps of 0, —10 
20, 30, and 40 db, allowing 
: Part 111700— Gaseous oxygen only. — _ . input ranges from 0.00] to 100 volt 
A NR NRE OAS TIPS RARE Dynamic range is better than 60 db, 
° / ACCESSORY PRODUCTS CORP. * | and accuracy over the combined fre 
/ e | 3 
° ; 9 eee eel quency and amplitude range is within 
° Je ° 2 , . Tr ‘a, ° | - 
° 4 Dept. C12, 616 W. Whittier Blod : | plus or minus 0.5 db.—F. L. Moseley 
° 1 Whittier, Calif. Phone: OX ford 3-3747 . Co.. Pasadena. Calif. 
ceesecooene eeeeeeeeeeneereeeeeeee eee eee ee eeeeenee see eeee eeneneeve cmee Circle No. io on reply card 
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LESS THAN 6 PouNDs of GYROS 


STABILIZE MORE THAN 60,000 POUNDS/OF AIRCRAFT 





















New CONVAIR F.102A 
All-Weather, Delta-Wing, 
Supersonic Jet Interceptor 


‘Doelcam_ 


RATE GYRO SYSTEM 
in the F-102A features 
3 Doelcam Model JR / Gyros 


with these / outstanding characteristics: 


EXCELLENT LINEARITY: 0.25% of Full Scale. 
LOW HYSTERESIS: Less than 0.1% of Full Scale. 
LOW THRESHOLD: Less than 0.01 Degree/second 


MICROSYN PICKOFF: Variable reluctance type providing infinite 
resolution and high signal-to-noise ratio 


FULL SCALE RATE: Up to 1000 Degrees/second 
FULL SCALE OUTPUT: 5 volts. 

RUGGED: Withstands 100G shock. 
VIBRATION: Withstands 15G to 2000 cps. 
SIZE: 2” diameter, 4%," long. 

WEIGHT: 1.8 Ibs. 


Shown Vp size In the Convair F-102A Rate Gyro System, Doelcam JR Rate Gyros 
instantaneously detect aircraft turning rates. Resulting output signals 
stabilize the aircraft throughout its entire range of speed and altitude. 
Teamed with other equipment, this Rate Gyro System makes possible uni- 
form pilot control response for all flight conditions. Model JR Rate Gyros 
are also designed into a number of production and development missile 
programs. Doelcam products and engineering experience are available to 
assist in the solution of your Gyro system problems. Write for Bulletin 


{R-34, 


1400 SOLDIERS FIELD ROAD 
‘Doelcam_ A DIVISION OF MINNEAPOLIS-HONEYWELL BOSTON 35, MASSACHUSETTS 


Instruments for Measurement and Control 
Synchros * Gyros © Accelerometers * Amplifiers * Microsyns * Servo Motors 
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MULTI PRODUCTION LINES NEED: 


POST multi-channel 


counters 


New .. . Post’s multi-channel 
counters answer industry's 
need for a “total” count 

from several production lines 
at any given mome:t. 
Working in conjunction with 
a Post DECITRON electronic 
counter, the multi-channel 
system requires a photohead 
for each production line . , 
relayed signals are tabulated 
by the MC and transferred 
to the counter instantly for 
visual evidence of “total”, 


MC—MULTI CHANNEL INPUT UNIT 


Post also manufacture a variety of photo electric relays 
and industrial timers omy suited to multi-production 
control systems. Write for descriptive literature. 





a lvalaclilianaaeleltlaim Slate 


POST MACHINERY CO. 
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163° Elliott Street 
Beverly, Mas 











NEW PRODUCTS 








SECONDARY STANDARD 


Available as a portable unit or in 
a 14-in. rack-mounting model, this 


secondary-standard _voltage-reference 


source combines a dc voltage source 
with five decade switche iS incre- 
mental voltage dividers. It features 


continuous dc reference outputs of 
plus or minus 100 volts, accuracy with- 
in 0.01 percent, and a maximum drift 
of 0.02 percent per year. Besides its 
use for precision voltage measur 
ments, the unit is well suited for us 
as an analog computer absolute ref 
erence source, for meter and trans- 
ducer calibration, and as a low-im 
pedance attenuator.—Epsco, Inc., Bos 
ton, Mass. 
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REED METER 


Developed for ionization current 
measurements requiring a high order 
of stability and precision, this vibra 
ting reed electrometer is said to be 
ideal for critical measurement of small 
de currents and voltages at high im 
pedance, e.g., those encountered in 
radioactivity and pH studies. Stability 
of the instrument is within plus or 
minus | mv, day-to-day. Ranges aré 
0.30, 0-100, 0-300, and O-1,000 mv 
Complete with cables, the entire unit 
weighs only 29 Ib.—American Tradair 
Corp., Long Island City, N. ¥ 
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NO TRIMMING NECESSARY WITH BORG 


ABSOLUTE LINEARITY 900 SERIES MICROPOTS_ 
a 


APPLIED VOLTAGE 








BORG ACHIEVES THE IDEAL... 
ABSOLUTE LINEARITY 


Borg offers the electronics industry a precision poten- 
tiometer with Absolute Linearity inherent in the pot 
itself. It requires no trimming of any kind! 


THE END OF UNCERTAINTY 


Embodied in Borg’s new 900 Series 10-turn and 3-turn 
Precision Potentiometers are exclusive advantages that 
provide this high degree of accuracy. You get from zero 
to 100% of applied voltage over exactly 3600° (or 1080°) 
of shaft rotation. 


This means no such parameters as electrical rotation 
tolerances, end resistance or jump-off resistance need be 
considered error in output. Many doors, formerly closed 
to electronic design engineers, are now opened by Borg 
Absolute Linearity. 


ORDINARY INDEPENDENT LINEARITY 


Note the line marked “Ordinary Independent” on the 
blackboard diagram. This line is unable to go to zero 
and 100% of applied voltage because of X and Y known 
as end resistances. Therefore, trimming is required to 
compensate for the potentiometer errors of end resistances 


X and Y. 


Now, note that the line marked “Absolute” goes through 
zero applied voltage output at zero shaft rotation and 
through 100% applied voltage output at 3600° of shaft 


Write for Complete Engineering Data «© CATALOG BED-A5é 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 


JANESVILLE, WISCONSIN 
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ORDINARY 
INOEPENDENT 








rotation. This is the reference line for absolute linearity 
and is inherent in the Borg 900 Series potentiometer, 
Thus Borg achieves absolute linearity without trimming 
of any kind. 


SIMPLICITY ASSURES 
RELIABILITY AND ACCURACY 
Simplicity of the Borg 900 Series 
greater accuracy and reliability. 
sible sources of error as trimming errors, unstable trim- 


Micropot affords 
It eliminates such pos- 


ming, resistances, etc. Another Borg advantage simplifies 
The Borg 
CCW mechanical stop is set up to provide a phasing 
point. This exclusive advantage reduces field replace- 


assembly and reduces possibility of error. 


ment to the purely mechanical process of attaching leads 
and phasing from the present stop 


ABSOLUTE LINEARITY REDUCES COST 


The accuracy and reliability of your equipment is im- 
proved with a Borg 900 Series potentiometer which also 
effects a savings in time and money. Your cost is lowered 
by eliminating trimming resistors and the technically 
trained labor competent to install them 

Many other advantages of the Borg 900 Series can help 
solve your potentiometer problems as they are now doing 
in all types of equipment from jet engines to steel mills. 
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NEW PRODUCTS 


TORQUE VS. SPEED 


A complete line of motor testing dy- 
namometers, featuring electronic tach- 
ometers, is now on the market. The 
dynamometers employ a basic torque 
indication system that is independent 
of speed, rotor bearing friction, and 
external sources of mechanical or elec 
trical error. The entire brake assem 
bly is carried on ball-bearings, with 
extremely low static torque drag. ‘The 
electronic tachometer is essentially a 
four-digit-glow transfer-tube counter, 
with a cycle timing gate to control the 
count-read-reset cycling. Since the 
tachometer uses a photoelectric pickup 
mounted on the rear of the dynamom 
= eter, it requires no driving torque, 

hence cannot introduce error.—Mag- 
99 trol, Inc., Buffalo, N. Y. 
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RELAYS FOR INDUSTRY 


in production for early delivery 





North’s new addition to its extensive line of relays, the 
industrial standard Type E Relay, is now in production 
and available for delivery. The large scale production and 
engineering facilities of NORTH assure you a reliable 
source of supply to meet your requirements for Type E 


Relays. 


@ Available with: 
Solder Terminals 
8-11-20 pin plug-in terminals 
Taper pin coil terminals 
Taper tab spring terminals 





7. ? to 10 springs maximum per 
pile-up. SEE FAILURE OCCUR 
° Content me ml Silver he portable instrument shown here 
permits putting shake tests into slow 
motion for observation by automati 
cally synchronizing stroboscopic lights 
with vibration exciters. It yields not 
only the simple fact of failure, but 
also the exact cause. In operation, it 
controls the time-position of the strobe 
flash with respect to the shake fre 
quency signal. Slow-motion rate is 
continually adjustable from 4 to 3 cps 
by front panel control.—Chadwick 
Helmuth Co., Monrovia, Calif. 
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@ Overall length with solder termi- 
nals 24%”, 


@ With adjustable screw-type residual 
and fixed nylon flap-type residuals. 


@ Standard range of coil resistances 
from 5 to 21,000 ohms 


@ Mountings: 
Two #6-32 screws on %4” spac- 
ing. Standard plug-in mountings 
available with or without aux- 
iliary hold-down brackets. 











“BUILDING ‘BRAINS’ I$ OUR BUSINESS” 
Trademark 


INDUSTRIAL DIVISION 


<D NORTH ELECTRIC COMPANY |e 


Readability is greatly improved in these 
new voltmeters by expanding the scale 
in the range most used. As a conse- 





be, ad 537 S. Morket St. 
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RELIABILITY ACCURACY... ALL DESIGN FEATURES of higher priced NLS 


instruments now are available in the low cost 


, ; AUTOMATIC MEASUREMENT Model 351 Digital Voltmeter for applications 


requiring 3-digit measurement. This economical 

model offers the same range as the widely-used 

AT NEW LOW COST NLS Model 451 (4-digit), recognized standard of 
the industry. It has the same exclusive NLS oil- 
sealed stepping switch system that guarantees 
maximum trouble-free life. Its performance offers 
automatic measurement from zero to +999 volts 
d-c with high accuracy and resolution. And it has 
automatic polarity indication, automatic range 
selection, automatic readout decimal point loca- 
tion. Fast readings are flashed in brilliant in-line 
luminous numerical display. NLS Model 351 Dig- 
ital Voltmeters cost only $985. Investigate today. 


CHARACTERISTICS 


RANGE RESOLUTION 
Zero to + .999 volts d-c + 1 millivolt d-c 
+ 1.00to + 9.99 volts d-c 10 millivolts d-c 
+ 10.0to + 99.9 volts d-c t 100 millivolts d-c 
+100 to +999 volts d-c 1 volt d-c 


ACCURACY: Equal to resolution 
READING TIME: 0.80 seconds average 
CHOPPER SAMPLING RATE: 60 cycles per second, 
y INPUT IMPEDANCE: /000 megohms on zero to 999 
DIGITAL VOLTMETER volt scale; 10 pt on all other ranges. 
aaatateratinael CALIBRATION VOLTAGE: Standard cell provides EMP 
constant within +0.01% from 4°C to 50°C, 
and usable from —16°C to +60°C, with accu- 
racy of + 02%. 
REFERENCE VOLTAGE SOURCE: /nternally-mounted 
mercury cell, 


POLARITY INDICATION: “+” or “—" automatically pre- 
* NON-LINEAR SYSTEMS, ©NC fixes the numerical display 
. , 
De. mae, Canine READOUT DECIMAL POINT: Positioned automatically 


depending on range 
STYLES: Rack mount —5%4" high; 19" wide; 15%" 
deep. Portable—11" high; 8%" wide; 154%a" deep. 
WEIGHT: Only 29 pounds (new, lightweight aluminum 
construction ) 
power: /15 + 10 volts, 60 cycles, 75 watts 
OPTIONAL ACCESSORIES 
Remote readouts with cables 
Manual-command recording controls 
Automatic recording controls to record each 
reading at completion of balance 





Available in either portable 
(shown) or rack mount models 





7 
non-linear systems, inc. NON-LINEAR Systems, inc. ! 
\. TWH: Del Mar 6-345 « PHONE: Skyline 5-1134 Dept. G-126, Del Mar Airport, Del Mar, Calif i 
? Send new Technical Bulletin 856 with full 
. information on NLS Model 351 Digital ! 
ORIGINATORS OF THE Voltmeter 
DIGITAL VOLTMETER fares -. I 
COMPANY - 1 
. Digital Chmmeters * AC-OC Converters + Data 
J Wats, ommaers« 4-26 Converters» Dats — = ' 
Ax, aunt OS oe Decimal Converters Ce a I 
_— ital Recording Systems 
i OU OO OU 3 
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1952 East Allegheny Avenue * Philadelphia 34, Pennsylvania 
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miniature 


ENCAPSULATED 


custom-wound for your needs 


Type MILX... tor extreme 


environmental conditions and transistor circuits 
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Technitrol is equipped to design and produce pulse 
transformers to meet your particular requirements. 
Simply let us know your performance specifications. 
Technitrol’s staff of engineers will test sample trans- 
formers under actual circuit conditions —assuring proper 
performance. All charges for this service are included in 
our low sample quantity price. 


Technitrol also makes a full line of lumped and dis- 

tributed parameter Delay Lines. You may choose from a 

variety of mountings, or again, our engineers will aid you 
developing special designs. 


for additional information, 
write for Bulletin C166. 
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ransformers 





Type M... for subminiature 














f engineering company 
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| quence, reading accuracy is also im- 


proved. A variety of ranges is available 
for either ac or de voltage measure 
ment. The ac movements have wide 
frequency ranges, good linearity, and 
true rms readings. A typical meter, for 
line voltage measurements, has a 0- 
to-130-volt scale. But the first 90 volts 
cover only a small segment on the 
low end of the scale. This permits con- 
siderable expansion of the scale from 
90 to 130 volts. Models are available 
in a number of case styles.—Phaostron 
Instrument & Electronic Co., South 
Pasadena, Calif. 
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SUB-SYSTEMS 





| CARD CONVERTER 


A new card converter automatically 
translates alphabetically and decimally 
coded data recorded on cards into 
binary language for transfer to an 


| electronic digital computer for process 


ing. Called the ALWAC Card Con 
verter after the computer with which 
it is used, the new unit should greatly 
increase the system’s range of applica 
tions.—Logistics Research, Inc., Re 


dondo Beach, Calif 
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HIGH-PRESSURE AIR 


| A new 3,000- to 12,000-psi central 
| compression system is now available 


for use in the design and testing of 
pneumatic missile and aircraft con- 
trol systems. The unit is capable of 
continuously delivering 54 scfm of air 
with a dew point of minus 70 deg F 
or lower. Standard system is a self- 
contained, semi-portable unit con- 














You owe it to yourself and your family 


to compare these multiple advantages 


offered only by Consolidated... 


Find out now how CEC’s engineers enjoy a combination 
of advantages unique in electronics, and made possible by 
executives with both scientific and professional manage- 
ment backgrounds. CEC’s policy of recognition for the 


YOUR CREATIVE 
IMAGINATION PAYS OFF 

AT CEC 

In development engineering labora- 
tory, George M. Slocomb (center), 
31, supervisor of digital data proc- 
essing section, explains new test 
procedure in transistor circuitry for 
digital data handling. Viewing bread- 
board demonstration are engineers 
Bob Kelly (left) and Wayne Hodder. 
CEC's substantial R&D budget 
is 2-3 times greater than normal 


budgets—totals 10-15% of sales 





TOP MONEY for professional engi- 
neers in all classifications: Develop- 
ment, Design, Systems, Test and Serv- 
ice. CEC’s fast, continuing growth 
offers great opportunity in a stimulating 
professional atmosphere. 


Don't take our word for it 


Consolidated | 
Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California cee) 


NATIONWIDE COMPANY-OWNED SALES 4&4 SERVICE OFFICES 


HOW TO ENJOY YOUR WORK and 
make your family happy CEC's 
progressive administration emphasizes 
excellent working conditions in modern 
buildings. Your family will enjoy the 
beauty of CEC’s non-industrial location! 


ask our engineers WRITE 





individual has built a pioneering, 


nulti-million dollar 


organization—the recognized leader in the application of 


electronics to chemical analysis, process monitoring, dy- 
namic and static testing, and automatic data processing... 






















PROFIT SHARING SECURITY plus 
exclusive life, health, accident plans, 
CEC’s profit sharing enables you to 
participate in the Company's growth 

backed by rising ° $17.1 million in 
1955...$23 million anticipated in 1956). 


TODAY FOR COMPLETE DATA 


! Joseph H. Lancor, Vice President & Director of Engineering 
| Consolidated Electrodynamics Corporation, Dept. C-1 

| 400 North Sierra Madre Villa, Pasadena, Calif 

| Please send Conwlidated information t 

| NAME 

| (Please print or type 

| ADDRESS 

| ory ZONE STATE 

' 
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FOR SYOTEMS 


sec... ME JES CS E> 


From a single-rack recording system to a multi-console data 
processing center, Electronic Engineering Company has the 
experience and personnel to design and produce the equip- 
ment you require. EECO design techniques, perfected over 
years of systems work, can be put to work for you in an 
EECO engineered system-—freeing your own engineering 
staff for tasks specifically related to your products. 








- 





ASKANIA THEODOLITE DATA etek GROUND TELEMETERING DATA 






ROCKET TEST 




















FLIGHT TEST 








TRACKING RADAR DATA 


EECO Central Data Processing System, Edwards 
Air Force Base. System gathers data from aircraft. 





rocket test facilities, tracking radar, high-speed 
track, and processes data for analysis .and/or 
computer input. 





Cea 


HIGH-SPEED TRACK TEST 


~ 








Plug-in Circuits 

developed for EECO systems, 
provide a key to lower cost 
equipment design and fabrication. 
Data on standard and custom 
circuits available in catalog G-1. 





Electronic | Interesting and challenging work in systems 
Engineers | and related projects offers unusual employ- 

and | ment opportunity at EECO. Send resume to the 
Physicists | attention of R. F. Lander. 


Electronic Engineering Company 
of California 





and its subsidiary 





Engineered Ele. tronic s Compan y 


180 South Alvarado Street « Los Angeles 57, California 
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NEW PRODUCTS 


isting of the compressol a »0-hp 
electric drive, contro filtering and 
drying equipment, and storage vess¢ ls. 
ill mounted on structural steel skid 

When the unit must supply a large 
high-pressure distribution system, 


storage vessels may be remotely lo- 
|cated. Cardox Corp., Chicago, I] 
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INSPECTION SYSTEM 


jutomatically 
transports, tests, and physically sort 
electron keeps 
It 


auto 


I'he system shown above 


and 
punched-paper tape 
hive an 

matic hopper mechanism 
sorter; and analyzer 
and a keyboard input to the analyzer 
I'he system will automatically test 
two samples per second and is accur 


component 
records on 


consists of basic units 
automatic 


tester recorder; 


ate to within 0.5 percent. A paper-tape 
punch records the results. From the 
tape, the analvzer automatically plot: 
1 16-interval histogram 
showing the distribution of the tested 
parts.—Electronic Control Systems, 
Inc., Los Angeles, Calif 


frequency 
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MEASUREMENT & 
DATA TRANSMISSION 


| DUAL-DAMPED 


1A potentiometer-type accelersimeter 
|has been developed specifically for 
jtransonic and supersonic guided 
| missiles and aircraft flight-control ap 
plications The unit is a dual damped, 
low-range instrument that resists 
severe vibration and shock acceleration 
Dual damping is accomplished by the 














what these people say can SavE YoU MONEY 





PLANT ELECTRICIAN SAYS: PRODUCTION FOREMAN SAYS: 






MOTORS 
AREN'T BURNING OUT 
THE WAY THEY 
USED TO! 


my 
REJECT TROUBLES 
ARE OVER NOW! 

















= dX i 


- 
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MAINTENANCE FOREMAN SAYS: 


NO MORE 
FAULTY PARTS 
SLIP BY 
THESE DAYS! 





LAMPS 
NOW LAST 
Twice 
AS LONG! 










© Because Voltage is 
Now Controlied by a STABILINE’ 


shiloméilie Voltage Regulator 


Sudden voltage fluctuations or continuing “over or under"’ voltage can be 
causing you needless expense and trouble. All electrical equipment and elec- 
tronic gear last longer and work betier when operated at rated voltage not 


over .. . not under. The cost of a STABILINE Automatic Voltage Regulator is 
low indeed compared to the equipment and material-in-process it can protect sane 
It is low, too, compared to the many production, maintenance and inspection type @AezseV 
f d p holds ovtpyt voltage constant ends 
troubles it will take off your shoulders by doing away with them. Ask your the troubles cavsed by voltage variations 
» , , Rated, inpwt 195.255 wolt, 50/60 
electronic distributor for more facts or send coupon below suilte, Gene Chan. Gah ae 4 


volts adjustanle, 50.0 amperes, 70 OKVA 


SE THE SUPERIOR ELECTRIC'S 
MOBILE DISPLAY 
WHEN IT 1S IN YOUR AREA 


rHe SUPERIOR ELECTRIC company 
612 MIDDLE STREET, BRISTOL, CONNECTICUT 





Please send STABILINE Bulletin S157 


Offices. Los Angeles, Colifornia + Son Have your representative call 


Froncisco, California + Toronto, Ontario, 
Conodo + Miami, Florida +« Chicago 


Wtinois + Boltunore, Marylond «+ Detroit, ] 


Michigan + New York, New York + Cleve Name 
lond, Ohio + Dollas, Tesaos + Seottle 
Washington Company 
Street 
City Zone State 
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Avion’s “High Reliability” program is fundamentally a 
philosophy of plus performance . . . derived in large 
measure from a bold concept of design simplicity. 

It’s just that simple! 

The fewer the number of components required for any 
electronic system——the longer the life expectancy of 
effective performance. 

High Reliability has been achieved for missile guidance, 
fire control, infrared seeker, and other systems . . . largely 
through the application of this design concept. The relation- 
ship between simplicity of design and plus performance 
is firmly established at Avion. 

And this relationship is sound, whether the electronic 
system is designed for the military, or for industrial use. 


Investigate the career opportunities in our expand ing organization. 


AVION . | _QaACf invusTRies 


RPPORAT EDO 


D | V | S ] 8) N 11 Park Place, Paramus, N. J 
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NEW PRODUCTS 


use of a permanent nagnet and a 
silicon fluid. Output of th potenti 
ometer is linear. The wiper, attached 
to a movable ma ositioned along 
the winding as g-for lisplace the 
ma [he ratio of esistance un- 
balance varies directly with the magni 
tude of the icceleration.—Genisce 


Inc., Los Angels, Calif 
Circle No. 49 on reply card 





LOW RESPONSE TIMI 


I'he adiabatic temperature probe above 
is now available with two new fast 
response temperature elements for air 
craft and missile applications. These 
provide either a voltage or resistance 
output proportional to airstream stag 
nation temperature. Suitable for tele 
metering or the sensing of data for 
airborne systems, these instruments 


offer a recovery factor of 0.985. with 
response time of 0.25 sec or less. Re 
peatability is within 0.5 percent. The 
icrodynamic configuration helps to 
provide superior performance over the 
velocity range of Mach 0.3 to Mach 
2, at altitudes as high as 60,000 ft 

G. M. Giannini & Co., Inc., Pasa- 


dena, Calif. 
Circle No. 20 on reply card 





3-IN-l ACCELEROMETER 


Chi ubminiature, high-temperature 
accelerometer will m ir three 
mutually perpendicular accelerations 


simultaneously. It will perate in 














Firing of 280 mm Atomic Shell at Las Vegas Proving Ground in May, 1953. This shell 
was designed jointly by Picatinny Arsenal and Los Alamos engineers and scientists 


ARMY ATOMIC MUNITIONS ARE BORN 
AT PICATINNY ARSENAL 


Picatinny Arsenal at Dover, N. J., is composed of a group an engineering technical organization that uses the full facili 


of Ammunition Development Laboratories responsible for 
Army ammunition technical development. Its responsibili 
ties include research and development of ammunition for 
artillery, mortars, and recoiless rifles, mines, grenades, wat 
heads for bombs and guided missiles, and rocket propellants 

One of Picatinny’s principal laboratories is the Atomi 
Applications Laboratory, which is responsible for Army 
research and development of atomic munitions. This Atomic 
Applications group operates as the nerve center for all activi 
ties in atomic development for the Department of the Army 

To execute its mission responsibility, the Atomic Applica 
tions Laboratory draws not only on its “in-house” capa 
bilities, but on the facilities of other Army arsenals, proving 
grounds, and on industry. Its “in-house capabilities include 


of ads on th chnica 


artment Defense 





(‘@ 


un FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
\] 31-10 Thomson Avenue, Long Island City 1, New York 


Beverly Hills, Cal ° Dayton, Ohio 


ties and capabilities of the arsenal 


As well equipped as it is to solve the multitude of com 
plex technical problems which confront it, Picatinny Arsenal 
has no greater asset than the long years of accumulated 
experience and unfailing loyalty of its career government 


is the crash 
program which resulted in the 280 mm Atomic Shell 


r mployees A recent example ot its effectiveness 


Picatinny’s technical capabilities are utilized basically in 
expanding the frontier of mechanical, electrical and explo 
Sivé development 

The scientific personnel in organizations such as the 
Atomic Applications Laboratory will determine America’s 
ability to meet potential aggresso vith the most effective 
Atomic Weapons possible 








ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information 





-_ 


in Ford Instrument Company shops, equip 


ment being made under contract with the 


Army Ordnance Corps is precision machined 
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NEW PRODUCTS 


teiiperatures trom minu 65 to plus 
350 deg KF, and jeatures an acceleration 
range up to 500 g, frequency r 
ponse from 2 te 0,000 cps, and 
sensitivity of 0.8 m Although the 
unit weighs less than an ounce and i 
less than | cu in. in volume, it doe 
the job of three former units.—Gulton 


Industries, Inc., Metuchen, N. J 
Circle No. 24. on reply card 





N?PW FREE GYRO 


Shown is a free gyro that offers un 
usual ruggedness and insensibility - to 
mounting and dynamic loads. It fea 
tures a cast-steel frame mounted solidly 
inside a structural outer shell having 
in integral center of gravity mounting 
flange. Shock specification is 50 g in 
all axes. Drift rate is less than 18 min 
of arc per minute, amd the potenti 
ometer pickoffs have outputs that are 
linear within plus or minus 0.5 per 
cent. Angular resolution is 0.09 deg 
G. M. Giannini & ( Inc., Pasa 
dena, Calif 


Circle No. 22 on reply card 


POSITION ‘TRANSDUCER 


Designed for aircraft instrumentation, 
a linear strain-gage transducer is now 
available for applications requiring 
long life, small size, high resolution, 


ind direct input to galvanometers 
Only 4 in. high, the transducer can 
be externally mounted on _ aircraft 
without disturbing the airstream. It 
consists of two cantilever beams de 
flected at the free ends by a cam. A 
shaft extending from the transducer 


provides external mechanical coupling 
and internal springs maintain tension 
on this shaft at all times.—Consoli 
dated Avion Corp Westbury, 
N. Y 

Circle No. 23 on reply card 








KAY LAB 


FOR DRIFT-FREE DC INSTRUMENTATION— 
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*- 2 UV ORIFT 

INTEGRAL POWER SUPPLY 
HIGH OUTPUT LEVEL 
EXTREMELY LOW NOISE 


BROAD BANDWIDTH 


fil: 
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KAY LAB 











Chopper intermodulation 
Linearity 
Frequency Response 








S>FECIFPICATIONS 
Gain 0, 20, 30, 50, 70, 100, 200, 300 Power Requirements: 
500, 700, 1000 Amplifier 117 V~— 60 cycles — 70 VA 
Gain Accuracy 1% DC to 2 KC Cabinet 117 V— 60 cycles 5 VA 
input Impedance 100,000 © 6 Unit Rack Adaptor 117 V— 60 cycles — 45 VA 
Output Capability at0C Oto + 35 V where Ri > 10000 Dimensions: Amplifier Unit 2%" wide, 7%” high, 14%" deep 
0 to + 40 MA where Ri is 10 to 400 0 Rack Adaptor for 6 Units 19” wide, 8%" high, 18%" deep 
Output Impedance Less than 1 © in series with 25 wh Net Weight — Amplifier 11 pounds 
Equivalent Input Drift 2 uv with regulated line 
Equivalent Input Noise 0 to 3 cps, less than 5 wv peak to peak PRICE: Amplifier Unit , $550.00 
0 to 750 cps, less than 5 yy RMS 19.1nch Rack Adaptor for 6 
0 to 50 kc, less than 12 wv RMS amplifier (with fans and connectors) 00 


Less than 0.1% 
Better than 0.1% to 2 KC 

3% (0.3 db) DC to 10 KC, 
less than 3 db down at 40 KC 


Cabinet for single amplifier 
(with fan and connector) 
is available 










> —neindal 
LL f 


STABILITY 


locket tn rd 


HOPPE R Mf j LRSsS 


Representatives in all major cities. 


5725 KEARNEY VILLA ROAD, SAN DIEGO 


11, CALIFORNIA: BROWNING 7-6700 
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IMC...... ahead in DYNAMOTORS | vew PRODUCTS 


% | Volts 


























0 100 200 300 400 
Output current (Milliamperes ) 


INDUCTION Motors Corp. is rapidly expanding its line of dynamotors 
for industrial and military use. In particular, IMC engineers have 
concentrated on development of dynamotors to meet the rugged 
shock and vibration requirements of the missiles field. The company’s 
catalog now lists dynamotors with power outputs up to 110 watts, 
varying with duty cycle and ventilation. Input and output voltages 
are available to specification in standard frame sizes, any of which 
can be supplied with blowers for cooling applications. 


SPECIFICATIONS 


3011 DYNAMOTOR (Shown with blower) 


Input: 27.5 volts at 3.2 amps 

Output: 160 volts at 250 ma 

Speed: 9000 rpm 

Weight: 3% Ibs. 

Ripple: Less than 1% 

Ambient temperature rang2: —55° C to +105° C 


Our engineers can assist you in solving troublesome, time-consuming 
motor problems. Experience in design and manufacture of AC and 
DC subfractional, servo and gear motors, fans, blowers and the 
dynamotors mentioned above can be profitably applied to your own 
special needs. 
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DUAL-SIGNAL OUTPU' 


The sturdy-looking tachometer pickup 
shown here features a two-signal 
tem that provides electrical impulses 
for operation of digital clectroni 
counters, and a three-phase, sclf-gen 
erated clectrical output for powering 
a synchronous tachometer indicator 
Where ac or de analog signals ar 
required in conjunction with the digi 
tal information, the three-phase tach 
ometer generator may be replaced by 
1 suitable ac or dc generator. ‘Vhe in 
tegral unit has been designed to permit 
changes to be made in the housing 
without disturbing the shaft align 
ment. —I-L-S_— Instrument Corp 
Cleveland, Ohio. 

Circle No. 24 on reply card 





FOR QUALITY CONTROL 


Sensitive to both ferrous and non 
ferrous tramp metal particles, the d 
tector being demonstrated above 

ideal for the inspection of packaged 
or bulk material. ‘Typical products 
which can be inspected automaticalh 
it conveyor speeds up to 1,000 fpm 
ire foods, plastics textiles. rubber 
confections, pharmaceutic ils, etc. Con 
taminated material passing through 
the test coil causes a reject relay to 
operate in the electronic unit. Thi 
same relay can be used to sound a 
warning, trigger a marking device 
or operate a reject gate. Apertures 


y 











FULTON SYLPHON 
TEMPERATURE 
REGULATOR 
HEADQUARTERS, 
U.S.A. 


CONTROLS TEMPERATURE 


-UNDER ITS OWN POWER 


COMPLETE LUNE OF REGULATORS, VALVES, MIXERS, AND CONTROLS FOR LIQUIDS, AIR OR GASES. 


Whether it's designed in process 
added later, the 
999-T Tem 
the 


equipment or 
Fulton Syliphon No 
perature Regulator provides 
accuracy and simplicity that mean 
lower mainte 


lower first costs 


nance costs—and lower process 


ing costs. It's completely self 
contained, uses absolutely no out 
side power to detect temperature 
And with its 


famous Sylphon bellows, it has 


or to control it 


the powerand sensitivity forhighly 


responsive control action. * 


Added strength of stain- 
less steel frome resists oc- 
cidental blows—keeps 
bellows and stem aligned. 


Ball-bearing wheel turns 
easily to chonge control 
point settings. A clearly 
marked scole shows odjust- 
ments ot o glonce. 


NO. 999-T TEMPERATURE REGULATOR 


Available with 60 F ranges between 20 and 455 F 


Variety of vaive types in sizes from “4 to 4 


® 
NTR MPANY 
MC tro ae) OLS CO 


FULTON SYLPHON DIVISION 


Knoxville 1, Tenn. 


Over-+run” feoture pro 
tects regulator against 
damage if temperature at 
the bulb accidentally ox 
ceeds regulator ranges 


oe 


Available with or withdut 
on easy-to-read thermom- 
eter thet occurately shows 
temperature at the bulb 


Eatra large two-ply seam 
less Syiphon bellows as 
sures long life-—provides 
eatra power for positive 
control action 


Regulator is available with 
bulb shown for control of 
liquids or with other types 
for air, gases, etc. Made of 
Copper, steel, stainless steel, 
lead, plastic cooted, etc 


Robertshaw-Fulton Controls Co. 
FULTON SYLPHON DIVISION 


Knexville 1, Tenn 
| Send 


Industrial Processes, Catalog D.xW 


literature on Temperature Regulators for 


Name 
Company 
Address 


City 
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Now you can shock test 


NEW PRODUCTS 
with a controlled 10,Q00-pound thrust 


j 


can be made any convement size, and 
may be mounted in any position.—J 
W. Dice Co., Englewood, N J 
Using the HYGE shock tester, you can Circle No. 25 on reply card 
simulate actual service conditions to 
test the shock resistance of parts and 
assemblies. 

You can set up the HYGE to pro- 


— e specif acceleration and/or de- INFORMATION 
celeration wave forms for desired 
DISPLAY INSTRUMENTS 





durations 

Theoretically, the HYGE can pro- | 
duce a maximum build-up rate of | 
200,000 g’s per second from zero to 
peak acceleration. The acceleration 
pattern is free of high-frequency 
transients. 


The HYGE shock tester, manufactured and mar- 
keted by CEC under license from the Convair 
Division of General Dynamics Corporation. 


How the HYGE Shock Tester works 


Essentially a free floating piston in a closed Test Specimen 


— . P r ‘/ a 
cylinder, the HYGE gets its punch as the result DIGITAL INDICATOR 


of differential pressures on the two faces of its Top Gas Chamber | Eixccllent readability and minimum 
thrust piston. (See diagram.) 














pace requirement are features of thi 
Thrust Column new digital indicator. ‘The unit per 


> 


A low pressure in the top gas chamber forces 
the piston against a seal ring which seats on top 
of the orifice. Only the small piston area ex- 
posed to the orifice is open to pressure from the 


mits direct reading of signals from a 
Deceleration | variety of transducers. It can be used 
Orifice for the measurement of temperature 
pressure, load, speed, flow, and ans 
Deceleration | other variable that can be translated 
Metering Pin into an electrical quantity. An clec 


tronic null balance servo tem drive 
Thrust Piston a set of precision 


lower chambers 

By introducing compressed nitrogen into the 
lower chamber, you can equalize the forces on 
the two faces of the piston. Just a slight increase 
in pressure upsets this equilibrium, moves the geared number 
viston up slightly, breaks the seal at the ori- 








wheels. Nonlinear inputs are linear 
Seal Ring ized by means of a tapped slidewi 
Designed for panel mounting, th 


“.. Acceleration instrument has a slide-out chassis to 
Orifice facilitate 


ice, exposes the entire bottom of the piston to 


6 me ee eee ee ees Se SSS SSS SST 


$ 


the high pressure of the lower chambers, and 
shoots the piston up with a terrific thrust 


coretically, the thrust will equal the differ- 
lheoreticall . ill equal . maintenance. Panel space re 
quirement is 7 in. by 7 in.—Perform 


\\ Acceleration | ance Measurements Co Detroit 
This thrust is transmitted directly to the test Metering Pin Mich 


ence in pressure between the upper and lower 


Bw s sees 


chambers times the net piston area exposed, 








specimen through a column 








Circle No. 26 on reply card 
The shape of the metering pin at the base of Leed Pielon— 


the piston regulates acceleration, Metering pins Separates gas 
of different shapes produce different shock from control 
fluid 
patterns, 


lo get controlled deceleration, add an orifice 











above the piston and another metering pin. & ) age ee 
as r 








Several standard types of HYGE shock testers are available. 
There is also a ‘kit’ of modular components from which a vari- PERCENT 
ety of units can be developed. Units can be combined to develop ta 
enough thrust for large test specimens. 

Send for Bulletin P4-70 for a more detailed discussion of the 
HYGE shock tester. 


Consolidated Electrodynamics 


Rochester Division, Rochester 3, N. Y. FOR FLOW RATE 
formerly Consolidated Vacuum Known as the Industrial Logarithmi 


NATIONWIDE COMPANY-OWNED SALES AND SERVICE OFFICES | Panel Indicator, this instrument con 
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AUGURAIE filtnt SPEED SWITCHING. 


Phi new Electro Tex Precision 

Selector Switch is ideal where 

miniature size, low friction torque 

noise at high speed ive 

requirement Simplified circuits 

and long service life recommend 

it for a wide variety of us 

including ampling pulse 

generation tor precision 

measurement telemetering and 

strain gage applic tions. in airerallt, 

miissile ervos, computor ele 

rec > or Switch «ce ign incorporate many 
exclusive features that have gained 
industry-wide acclaim for Electro 

Selector Switch Fe precision ship rin 


commutator and brush block 


Withstands Sheck and Vibration 


Offers High Accuracy Measurement 
Operates at High Speeds 


CALL OR WRITE 
FOR ILLUSTRATED BROCHURE 


r iv position witches in 
ard size 10 synchro 

are available for 

te delivery: other 

rcuit combinations 


pecifiications 


Electro Tec 
Corp. 


SO. HACKENSACK 
NEW JERSEY 


HUDberd 7.4940 




















You Can't Beata 
BRYANT 
MAGNETIC 
DRUM 


for digital cornputers, inventory control systems and tape-to-card con- 


verters, also as delay lines, synchronizers and frequency generators. 


@ Designed to purchaser's requirements 
Guaranteed accuracy of drum runout .00010" T.I.R. or less 
Air bearings or super-precision ball bearings 
Belt drive or integral motor drive, speeds to 100,000 RPM 
Capacities to 5,000,000 or more binary digits 
Vertical or horizontal housing 
Head mounting surfaces to suit 


High density magnetic oxide or electroplated magnetic alloy coating 


High Speed Motors, Spindies and Drums 


Bryant designs and manufactures electromechariical 
components for precision operation up to 200,000 
RPM, and magnetic drums from 2” diameter x 3” 
length to 20” diameter x 42” length. If you have a prob- 
lem in applying high speed rotating equipment to 
your product, write Bryant today. 


BRYANT GAGE and SPINDLE DIVISION 


P. O. Box 620-L, Springfield, Vermont, U.S.A. 
DIVISION OF BRYANT CHUCKING GRINDER CoO. 
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‘ 


erts the output ignal OF a turbin 
type flow meter into a series of pulse 
of constant amplitude at frequency 
equal to that of th met tput and 
therefore, proportiona umet 
flow rate I hese pul 
tegrated in a dc millias 
viding an indication that 
portional to flow rat | 
inals are pron ided for 
ind de millivolt outpu 

haded-pole panel met 
rithm? characteri 
form rate accurac\ 
ind a short term 

recent of rat | 
Ilathoro, Pa 


Circle No. 27 on reply card 


CONTROL DEVICES 


FOR TIMED OPERATIONS 


Called the Timed Operations Pre 
selector, this device is used where a 
number of timed operations are to 
be programmed in a preselected s¢ 
quence or cycle, and where some of 
these operations must be frequenth 
changed without affecting changes in 
inv of the othe It consists of thre 
basic units: an electronically operated 
timing device, a control panel with 
0 independently adjustable potent 
ometer ind a rectangular frame carr 
ing a solenoid-actuated shaft with 20 
lotted dis Accuracy of peat tin 
intervals is within plus or minu 
percent, which ictuall piu 
minus 0.01 percent of the total time 
wailable Henry G. Dietz ¢ Lon 
Island Citv, N. ¥ 


Circle No. 28 on reply card 
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= 
~~ PLUG-IN 


Octal Plug-in 

Connectors ; 3 
Keyed and gaged for use with Exclusive E-1 compression 
RETMA octal type sockets. Termi- construction provides super-rugged 
nations supplied to meet practi- 


cally any requirement. seals fhat withstand the most 
gruelling operating environments 
Vibrator and . 
Special Connectors 


Designed for vibrator, chopper and 
lock-in sockets. Except for lock-in 


types, orientation by pin arrange- Su aM 
ment eliminates locating key need. 
a 


Noval 4 , Miniature 
Piug-ins / f types 
Gaged ( é Same 
for precise — J super-rugged 


fit in standard construction 
type noval sockets. as large connectors 
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ENGINEERS... 
LOOK-TEN YEARS AHEAD! 


Will your income and location 


allow you to live in a home 


Nas this eletate Your 


leisure time like this 2 


They can...if you start your 
Douglas career now! 


Douglas has many things to offer the career- 
minded engineer! 

...there’s the stimulating daily contacts with 
men who have designed and built some of the 
world’s finest aircraft and missiles! 

..-there’s enough scope to the Douglas opera- 
tion so a man can select the kind of work he 
likes best! 

... there’s security in the company’s $2 Billion 
backlog of military and commercial contracts! 
-..and there’s every prospect that in 10 years 


you'll be where you want to be professionally, 


DOUGLAS 


ENGINEERING 


SE ot Be eles Maas, Se (—ae 
and you'll be in both the income level and geo- 
graphical location to enjoy life to its full. 
For further information about opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, California and Tulsa, Oklahoma, write 
today to: 


DOUGLAS AIRCRAFT COMPANY, INC. 


C. C. LaVene, 3000 Ocean Park Blvd. 
Santa Monica, California 


a First in Aviation 





HANDLES HEAVY CURRENT 
Reliable 


in limited space through long service 
life is achieved by this new Class 22D 
telephone-type relay Specially de 
signed double-break contacts switch up 
to 20 amp, noninductive load. Con- 


witching of heavy current 


tacts are single pole, single throw, 
normally open Unit measures 2% 
in. by 1% in. by Il in., and is 


available for operating voltages to 230 
de and 440-volt, 60-cycle ac.—Magne- 
craft Electric Co., Chicago, II. 


Circle No. 29 on reply card 





AC MOTOR BRAKE 


Compact and self-contained in NEMA 
1 or 12 enclosures, these new braking 
systems can be applied to all standard 
ac motors Vhrough electrical brak 


ing, torque diminishes as the motor 
decelerates until a smooth, definite 
stop results, normally in the same 


time required for acceleration of the 
driven equipment lo accomplish 
this, direct current from a selenium 
rectifier is applied to one phase of 
any squirrel-cage or wound-rotor mo 
tor timing circuit allows direct 
current to flow only long enough to 
stop the motor. When activated from 
iny desired pilot control, braking be 
gins immediately after the stop signal 
is received. Reduced capacity taps on 
a transformer permit selection of th 


degree of braking desired.—Westing 


house Electric Corp., Pittsburgh, Pa 
Circle No. 30 on reply card 
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FOR 
CENTER. 
LESS 
GRINDING 


PRATT & 
WHITNEY / 


FOR 
1D. 
GRINDING 


control units 








provide 
AUTOMATION 
the EASY, 

LOW-COST 


FOR 
0.0. 
GRINDING 





way FOR 


FLAT 
GRINDING 


Increased production .. . 


reduced reject losses 
accuracy! These are the profitable advantages you get through 
Automatic In-Process Gaging. And now, standard, on-the-shelf 
Pratt & Whitney Control Units . . . plus a minimum of special 


greater 


gaging fixtures . . . can give you an in-process gaging installa- 
tion exactly tailored to your needs without the long delays and 
heavy expenses involved in engineering and constructing spe- 
cial equipment. 


GET FACTS AND FIGURES... Prove how P&W 
Automatic, In-Process Gaging can improve your profit picture 
. . . how easily it can be applied to your machines. Phone the 
P&W Branch Office near you and ask a Pratt & Whitney Direct- 


Factory Gage Specialist to analyze your needs and submit his 
recommendations, 


PRATT & WHITNEY COMPANY 


PO; 
& Charter Oak Boulevard, West Hartford 1, Connecticut 
Branch Offices and Stocks in Principal Cities 


MA MINE ! » Gs f . 





NEW PRODUCTS 


HOW THERMISTOR: 


G-LOAD IMMUNE 


Designed to pulse it 
once to 3,000 time pel 
new signal generator 
iid to be virtually im 
effects of acceleration 
it has withstood load 
100 and has performed 
pite high vibration lev 


Measuring Engine Block tases, see temperate 


within the minus 65 te 


Water Temperature | yaa. | Its — . 
issembled in a sandwich w 
with 


ors and resistors mountec 
circurt board At pre ent. un 
GLENNITE® Thermistors | pulsed 150-vde output that a 


i neon bulb.—Electromat 
An accurate, economical method of measuring the temperature of water bank, Calif 


in an engine block has recently been devised. In the simple electrical 
diagram show above, the GLENNITE Wafer-in-probe Thermistor 
inserted through the engine block varies its resistance inversely 

to the rise or fall in engine block water temperature. The 

resultant increase or decrease in current flow is read 

directly on a milliameter calibrated as a thermometer. 

Self-heating of the thermistor is negligible as the 

resistor in the circuit limits current flow. 


Circle No. 34, on reply card 


GLENNITE Wafer Thermistors save space, too 
occupying 1/5 the space, yet possessing the same 
power handling abilities of conventional types. 
Temperature coefficients Up to 7% per °C 

are available. 


For complete information about wafer and 
other GLENNITE Thermistor styles PLUG-IN PHOTORELAY 
including bead, probe and rod 


, : Utilizing a broad ar 
units, write today. 


hicle photocell ind 
both mounted on a plu 
compact photorelay 
5 foot-candles or kk 
0.1 foot-candle or mor 


Thermistor Division 


we is 115 vac, and tem pe ra 


is minus 40 to plus 

preséat, the unit is being 

for such applications as fur 
PI 


out control, eevator 
| 


. weighing equipment, and 
ulton Industries Inc. | chinery. Housing measur 
’ in. sq by 24 in. high.—Sigma Instn 

ments, Inc., Boston, Ma 


Circle No. 32 on reply card 


METUCHEN, NEW JERSEY 
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Air Force selects 


Consolidated integrated systems 








PROBLEM: to accelerate flight testing by getting all 
data processed with greatest possible speed and accuracy. 
SOLUTION: integrated airborne and ground systems, 
custom-designed and manufactured by Consolidated’s 
Systems Division 


RESULT: answer in 48 hours instead of 45 days! 


THE GROUND SYSTEM is the central 
data-handling facility. Tape is played back and demod- 
ulated 12 channels at a time to recreate the analog 
signals generated in the air. These 12 channels are 
commutated into the MilliSADIC Data-Processing 
System at a rate of 400 samples per second (single 
channel 1500 samples per second), changed into «, ‘tts, 
and recorded on digital magnetic tape along with 
clapsed-time data. The digital tape is played back at 
a reduced rate into a tape-to-card converter and 
thence to the IBM punch which generates punched 
cards at a rate of 75 cards per minute. The digital 
data processing introduces an error of less than 4.15% 
The entire operation reproduces analog signals with 
a total error of less than 14% 











Your problem, of course, may be entirely different 
Remember that CEC’S Systems Division custom-engineers 
data-processing systems for individual requirements. If 
you're not sure of what you need, our Systems Engineer 
ing will make a recommendation. If you are sure, let us 
work with you. For more facts on what CEC Systems 


can do for you, please write for bulletin CEC 1304-X36 


———— 


AIRBORNE SYSTEM records 24 anne f data 
with a frequency content up to 600 ep Stra gage bridge 
networks, excited by the power-supply units, 5 ¢ analog 
signals representing flight-test data, such as pre te 
peratures, fuel flows, strain. DataTape records t : 
magnetic tape for playback at the ground sta 


Dynamic 
and Static 
Testing 


Systems Chemical 
Division Aastysis 








NATIONWIDE COMPANY-OWNED SALES &€ SERVICE OFFICES 
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Chances are that one of the areas of engi- 
neering listed at the right will fit you like 
a glove! All you need be is a research, de- 
velopment or design engineer with a de- 
sire for challenging work and pertinent 
background experience. 

ROCKETDYNE men with special 
talents to help design and develop rocket 
engines for long-range and intercontinen- 
tal missiles. Its Propulsion Field Labora- 


needs 


tory—located on a 1700-acre site in the 
Santa Susana Mountains a few miles 
west of Los Angeles, California—is the 


largest rocket engine testing facility in 
the Free World. Here, and also at our 
new design, development and engineering 
facility in Canoga Park, you will find the 
rewards of leadership—good salary, per- 


sonal and professional recognition, ex 





4— COMBUSTION 


DEVICES 


Cut-away sketch of a 
liquid propellant engine 


R & D Engineers: can you fit into 
this picture? 


citing work and secure future. RocKeEr- 
DYNE offers many different areas of op- 
portunity. For example: as an Engines 
System engineer at ROCKETDYNE, you 
may direct construction on full-scale 
mock-ups of engine assemblies. You may 
design laboratory testing machinery to 
evaluate engine components or Ground 
Handling Systems and packaging for 
complete engines. You may be responsi- 
ble for the programming of engine test- 
ing schedules and the preparation of 
specifications for instrument procedures. 
Or, you may be responsible for evaluating 
engine test data in terms of overall en- 
gine development. At ROCKETDYNE you 
can go as far as your abilities can carry 
you. Check these ROCKETDYNE opportu 
nities today! 


ROCKETDYNE #2 


A Division of North American Aviation, Inc. 


BUILDERS 
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POWER 


FOR OUTER SPACE 


TURBOMACHINERY 





CONTROLS 


Power distribution, unit sub- 


stations, switch-gear, protec 
tive devices, control circuits, 


and relay circuits 


SERVOMECHANISMS 


Automatic feedback control 
systems using single and mul 
tiple loop systems, circuit 
analysis using Laplace Trans 
form Methods; digital and 
analog computer analyses, 
and magnetic amplifier con 


trol systems 


INSTRUMENTATION 


Digital data systems, mag 


netic core circuitry, statistical 
application, magnetic ampli 
fier, vibration studies, and in 


strumentation development 


TESTING 

Design and operation of in 

strumentation systems con 

sisting of tape recorders 

electronic pulse counting 
equipment, recording oscillo 
graphs and electronic record 
ers used in testing large rocket 
engines. Also design and oper 

ation of large electrical prime 
movers used in the develop 
ment of large rocket engine 
pumps; and electrical control 
consoles used in static testing 


of large rocket engines 
DESIGN ENGINEERS 
RESEARCH ENGINEERS 


DEVELOPMENT ENGINEERS 
TEST ENGINEERS 
Write to A. W. Jamieson, 


Rocketdyne 


Engineering 


Personnel, Dept. CE 1156, 
6633 Canoga Avenue, 
Canoga Park, California 

















NEW PRODUCTS | 


FINAL CONTROL 
ELEMENTS 





NEW VALVE-IN-HEAD 


I'he new air cylinder shown here uses 
a single 110-volt, 60-cycle solenoid 
valve to control the movement of the 
cylinder rod when air is brought to 
a single port on the unit. When the 
solenoid is energized, the rod goes 
forward and stays. Breaking the ele 
trical contact returns the rod to its 
original position. ‘The cylinder will 
operate on air pressures of 5 to 150 
ps! ‘The solenoid itself 1S said to be 
ilent in operation.—A. K. Allen Co 
Brooklyn, N. Y. 
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METERING VALVE 


Only 24 in-lb of torque is required 
to operate this valve at 6,000-psi line 
pressure. A leakproof seal is obtained 
by means of teflon, nylon, or for 
mica seats, and an O-ring spindl 
cal Over-torguing cannot damage 
the seat or needle, as the buffer plat 
md metering pin act as a forming 


di The unit can be complete] 
overhauled in minutes without di 
turbing the piping or mounting 


Robbins Aviation, Los Angeles. Calif 
Circle No. 34 on reply card 
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HIGH CAPACITY 


in very small size! 


ACTUAL SIZE 





NEW/ Acro Subminiature Snap-Switch 


® HIGH ELECTRICAL RATING 10 Amps at 115 volts or 230 
volts A.C. or 28 volts D.C. 





@ EXTREME TEMPERATURE RANGE from +350°F to —100°F 


® LONG MECHANICAL LIFE many millions of cycles, continu- 
ous duty 


® DOUBLE CIRCUIT TERMINAL ARRANGEMENT 


The big feature about this little switch is its high rating. It 
has four times the capacity of most switches in this size. And 
temperature extremes pose no problem. The Acro subminiature 
switch will operate within a range of from +-350° to —100°F. 
Long life is assured through use of the rugged Acro rolling 
spring principle, up to 10 million cycles continuous duty. 

High rated Acro subminiature switches are your answer to 
the problem of controlling big loads in confined areas. And on 
lesser loads their excess current-carrying capacity is a good 
safety factor. Four terminal construction permits wiring 
double circuits where required. The entire unit is housed in a 
plastic case and can be adapted to any present type actuator. 
Write for literature. 


CRO 


RING COMPANY 





MANUFACTY 


SWITCH DIVISION 
Celumbus 16, Obie 
Plants at Columbus and Hillsboro 


REPRESENTATIVES IN PRINCIPAL CITIES 
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| NEW PRODUCTS 


'BRAIN-SHRINKING” 


FOR ELECTRONIC SYSTEMS 


made possibie by Eigin’s new / 


NEOMITE RELAYS } | \ 





How can you shrink the size and 


weight of the complex electronic PROPELLANT VALVI 

“brains” 80 necessary in modern in- 

dustrial and defense equipment? Shown is one of a new seri f p 
Elgin provides the answer with new fire operated multi-line pl )p llant 


watch-precision NEOMITE Relays 
+ +» the world’s smallest, requiring 


valves now in production. Valves ar 
iid to have zero leakage when closed 











only 100 milliwatts to open and ind a zero relative pressure drop 
close electrical circuits. Write today when open Ihe linked multi-line 
for complete information. wh design prov ides _ two-lin or three 
line control functions for any lin 
SPECIFICATIONS = size combinations from 4 in. to 4 in 
Contacts: Arrangement: 1 Form °C" I'he piston-type actuator will accept 
(SPOT) Rating: 28 vy DC, at 250 ma. gas Ol liquid at from 200 t 000 
Resistive Load. nD Propellant pressure in range 
Contact Resistance: .03 ohma maxi- from 0 to 1,500 psi. Operating tem 
mum, .06 ohms after 1,000,000 operations perature range 1s from minus 320 
at Specified Load. deg F to plus 350 deg I Valve will 


Cono ng Speciti re handle a variety of fucls and oxidizer 


7 MA or less, Drop-Out; 30 to 60% of 
Pull-in, Coil Resistance: 2000 Ohms 
» 10%, at 20°C. Operating Voltage: 16 
to 30 v DC. 


Vibration Resistance: 10 G, up to 
00 cos. 


Shock: $0 G, without damage. 


Temperature Range: —5S°C. 
to +86°C, 












including liquid oxygen, JP-4, JP-5 
helium, fuming nitric acids, hydrazin¢ 
aniline, ethylene oxide, etc.—Hydro 
matics, Inc., Cedar Grove, N. J 
Circle No. 35 on reply card 
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_ WOTUAL SIZE 
“ > 09 ounces... 
a just 0.392" x 0.195" x 
0.590" high. 


AVAILABLE COIL RESISTANCES 
50, 200, 500, 1000, 2000 Ohms. 





FLEXIBLE SOLENOID 


ELECTRONICS DIVISION __ 3:8 (% guided misile sytem 


_— and adaptable to industrial automa 


\ ELGIN NATIONAL WATCH COMPANY tion, this new line of lightweight 
Elgin, Mlinois olenoid valves features flexibility. It 
can be operated from the 
Sales representatives in principal cities closed position, the conver n being 
made by a simple rearrangement of 
the solenoid Ihe hermetica iled 
olenoid can also be rotated on the 
ilve body to place the elect 
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tor in the most desirabl position 


Ihe whole unit measures only 2 in 
in length by 1 in. in diam at the M e Ps | a i r e 
‘lenoid end Applications are th A 


control of air, helium, nitrogen, liquid 


oxygen, and corrosive liquid 7.10 \ 
leakage is the result of un internal . ‘ 

vent to the atmosphere through a | C () a i () S V r —_ 
controlled outlet This is said to | ’ a * 


prevent moisture laden air from reach- ‘ 


% 
ng moving parts.—Clarv Corp., San | | 0 | p S 


Gabriel, Calif 





Circle No. 36 on reply card | 
' 
SPACE SAVERS 
\ complete line of manifold mount 
ontrol valve in two-, three-, four-, 
ind five-way types is now available 
with sizes ranging from 4 in. to 1 
in. NPI Units are designed for 
installations where pace ind speed 
of removal a1 important considera 
tion The manifold plate and pip- 
ing are installed first The valve 


proper is then bolted to the manifold | 
plate It is completely independent 
of the piping and can be readily re- | 
moved or replaced in a minimum of 
time. Valves are available with any | 
type of actuating device, and for pres 
sures from partial vacuum to 500 psi. | 
Versa Products Co., Inc., Brooklyn, | 
N. Y 
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“es swith NIAGARA 


Displacement Meters 


Now you can apply the extreme accuracy of Niagara Meters to the 
measurement of corrosive liquids. Niagara Chemical Meters of Type 
316 stainless steel offer good resistance to corrosion and can be used to 
measure caustic soda, most acids, fruit juices and similar liquids. 
Available in sizes 3 to 110 G.P.M. or in intermittent use up to 160 
G.P.M. Niagara Chemical Meters are also available for automatic 
liquid measurement and liquid flow control in hazardous or non 
hazardous atmospheres. 








EFFICIENT LIGHTWEIGHT! : amr 
If you have corrosive liquid metering problems, let us help you, 
Said to produce unusually high watt Mail coupon today. 
pound of weight and per cubi 


inch of volume, this closely regulated 
nverter take in input of 24 to 30 


vde at 4.5 amp max, and has an out Hw Wu F 4 A L o 


1 
I 
! 
! 
! 
! 
! 
! 
! 
I 
! 
! 
l 
! 
l 
I 


Please send me information on the complete I 
line of Niagara Meters 


! 
! 
put of 115 volt 440) cvcle on two | ; , 
or three-phase, 20 to 40 watts. ‘The co Liquic 
( mplet unit, inverter ind radio nom METER o I Flow g-p.m remp “Pp i 
filter, weighs only 33 Ib. Effici i i 
iid to be 40 percent at room inbient 2932 Main Street 1 Name i 
and 25-volt input.—John Oster Mf {| Company 
ia Maden Oe BUFFALO 14, NEW YORK 1 
i Address i 
' 
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CompuDyne Control... 
offers new opportunities 
in process design 


CompuDyne Control Systems were originally conceived 
and built for the aeronautical test facility field. In this field, most processes 
are highly transient in nature. They require highest speed, highest resolu- 
tion, highest overall accuracy. 

However, all processes become transient where capacity is reduced or 
thru-put increased . . . where time or control accuracy becomes more 
demanding. 

Imagine the possibilities this new concept of control offers the process 
field right now. Processes could be designed for truly continuous flow .. . 
with perhaps one-half the process capacity, one-half the bulk . . . without 
reduction in thru-put. Controi accuracy, despite transients, can be con- 
siderably better than now obtained in process work. 

In investigating the possibilities of this new control technique, you 
would be risking little. CompuDyne Control Systems are pre-tested by 
analog computor simulation of the system and your present or proposed 
process. You would know in advance what to expect .. . and have a per- 
formance-guarantee of the system installed, in operation. 

For full information, write or telephone. 


For Test Facilities . . . Typical CompuDyne Control Systems 


Aircraft Ps “ Component Continuous W 
Aircraft A ’ Dyn 

Fuel Syste j 

Blowdown Wind Tunnel 


Representatives in major cities 


AB uOy he w) ; 
nome of cdc contro! services, inc 


cde control services, inc. 


402 S$. WARMINSTER ROAD © HATBORO, PENNSYLVANIA 
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NEW PRODUCTS 


SERVO AMPLIFIERS 


A new scrics of subminiature servo 
amplifiers is available in both tran 
sistor and vacuum-tube types. De 
signed for use with 400-cps servo 


motors in airborne service, they vary 
in size from 6 to 12 cu in. and weigh 
from 4 to 5 oz. ‘Transistor model: 
include |-watt and 3-watt units with 
silicon transistors capable of with 
standing a wide range of environ 
mental conditions. Using germanium 
transistors, 6-watt and 9-watt units 
provide high power output at low 
cost. Other transistor amplifiers in 
clude resolvers, summing automatic 
gain control, and demodulator units 
\ vacuum-tube precision summing 
model handles seven inputs, is ac 
curate to within 0.05 percent, weigh: 
only 4 oz, and occupies 4 cu in.—W 
L.. Maxson Corp., Long Island City, 
N.Y. 
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RUGGED TRIMMER POTS 


The miniature trimming potentiom 
eter, shown here actual size, features 
rugged construction, stability, and 
long life. Unit is adjustable through 
32 turns of a precision threaded shaft 
Because the wiper is supported on 
two. sides, settings are under 
extreme vibration, shock, and accelera 
tion. Resistances range from 100 to 
50,000 ohms in one case Lin 
earity is within 1 percent; resolution, 
depending on the resistance, varic 
from 0.2 to 2.0 percent. Units are 
available with insulated leads, plug-in 
terminals, or solder lugs.—Aecro Elec 
tronics, Gardena, Calif 
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DOUGLAS ROESCH 


Custom ELECTRONIC CABLES 


extend your design possibilities 






THE PLANETARY CABLER and other 


Roesch-developed, exclusive equip 





ment allow D-R to fabricate cable 


to your individual need 


Electronic system design and performance no longer 
need to be compromised because of lack of 
adequate electrical connections between system 
elements. Environments including critical tempera 
tures (~85° to + 410° F)...High G...metal 
burning velocities ...extreme vibration... pressure 
or vacuum...@. "asion...flexing...or severe 


ROUND OR FLAT, lozenge, eliptical 
chape of any combination in a 


single length of able available 


electrical loads. u-R Cables spell performance, at D-R 
durability, stability 


wholly new design horizons 


Write for complete facilities 
brochure... let us help you 
system engineer your com 
plete layout. 


A OR Custom Cable can meet 


our most critical missile, air 

y . : . CABLES CAN BE CUSTOMIZED with 

frame or automation electronic , 
electroni conductors steel 

ystem requirement 





nylon or teflon for strength 
elastic shock cord, pneumatic or 


Engineers, investigate your future with Douglas Roesch hydraulic hoses 


ouglas 2950 NO. ONTARIO ST 
oesch BURBANK, CALIFORNIA 


a DIVISION of iae-Sc007) WALL-SCOTT, Inc 
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FULLY PACKED 

















his new transistorized electrohydrau 
lic-valve amplifier deliver m S-ma 
differential current to a 000-ohm 
center-tapped load It ha 1 OVU-db 
wver LAI, and show no reduction 
in performance at temperature 
high as 170 deg | Phe unit can be 
used with either 60- or 400-cycle « 
citation. Variable gain, balance, and 


quiescent controls are housed in th 
compact l-in. by 2-in. b in. en 
clon ( ontrol Special t In 


In rhe \ ood, Calif. 
Circle No. 4] on reply card 





VAPORIZER REGULATOR 


with infra 
red analyzers and refractometers, thi 


Designed originally for use 


new vapor regulator can be used in 
i number of other continuous sample 
ystem It assures \ iporization and 
permits pressure control of the liquid 
samples introduced Measuring 
in. in diam. by 64 in. high, the regu 
lator will handle inlet pressures up to 
Outlet pressures may be 
onstant 
within 0.1 psi when upstream vari 
itions do not exceed 10 psi. Maxi 
Witien ste in pre ssure 1S 50 Pp if ind 


150 psi 
regulated from 0 to 50 psi 


maximum heater output, when heat 
ing element is used instead of steam 
Consolidated Electr 
Pasadena, Calif 
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NEW BOOKLET 





Quick 
BHoeonomical 


Brror-F'ree 


Transmission 





of 


All Data 


a Division of Stewc.1 Warner Corporation 
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ELECTRONIC TRANSMISSION OF ALL DATA 
PHOTOS + MAPS + DRAWINGS + CHARTS + TYPED or WRITTEN INFORMATION 


Stewart-Warner Electronics 
LMALLTZ Department 23 
1300 No. Kostner Ave. 


Chicago 51, Illinois 

















Fg id 


—from inlet to tip 


Now the superlative Master- 
gauge is available in a wider 
range of corrosion resistant 
tubes and sockets than any 
other pressure gauge. 

Check the adjoining list. And 
remember that tube socket and 
tip are fused into one piece by 
the exclusive Marsh “‘Cono- 
weld” process. 

Marsh alone combines the 
“Conoweld” construction, the 
copper-clad "Marshalloy” case, 
the finer Mastergauge move- 
ment, the Marsh ‘‘Recali- 
brator’’, the new “Safecase.” 
Ask for data covering your spe- 
cifie needs. 






SIX CHOICES 
of tubes and sockets 


4130 alloy steel tube 
with alloy steel tip and 
socket 

403 stainless steel tube 
with alloy steel tip and 
socket. 

403 stainless steel tube 
with 416 stainless tip and 
socket, 

316 stainless steel tube 
with alloy steel tip and 
socket. 

316 stainless steel tube 
with 303 stainless tip and 
socket, 

"Kk" Monel tube with 
alloy steel tip and socket. 











MARSH INSTRUMENT CO., Soles offiliate of Jas. P. Marsh Corp. Dept. ¥, Skokie, Ill. 
Marsh instrument & Valve Co., (Can.) Utd. « 6407 103rd St, Edmonton, Alberta , Con 
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(BAIRD 


ATOMIC) 











Industrial 
Counting 
and Control 
Equipment 





81 





8725 


Components and complete systerns 
offering time-tested accuracy 
and performance reliability 


Totalizers automatic counting to 
10 digit capacity, by units, dozens 

or gross, with speeds to 20,000 cps. 
Unitized plug-in strips permit 
“building-block”’ construction of 
custom equipment at standard 
production model prices 


Pre-set Counters single and dual 
activate production operations 
at pre-selected count. Supplemen- 
tary components include: locking 

or momentary relays, batching 
registers, pulse or contact inputs. 


For further information, write 


74 for special bulletin. 


Mim AloMe) ‘Baird Associates —-Atomic Instrument Co. 
33 UNIVERSITY ROAD, CAMBRIDGE 38, MASSACHUSETTS 
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NEW MODEL CHARACTRON 


new Chara 
till 


ind num 


Only 7 in. in diam, thi 
tron Shaped Beam ‘Tube 
duces 1,200,000 tiny letter 
bers per minute. It has nine times the 
information density 
inch) of the earlier 
reading models. ‘The tube is de 
for use with photo-recording devices in 
an electronic computer 
Fach character is reduced to 
a height of 0.035 in 10,000 
can be reproduced for photographing 
in one frame. Character 
a screen 4} in. square within a 6-in 
circle. Overall length of the tube is 
40 in.—Stromberg-Carlson, San Diego, 
Calif. 


rr pro 


(characters pet 
square direct 


igned 
readout s\ 
tem 


ind 


ippeal on 
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SCANS A DOZEN POINTS 


Designed to enable the measurement 


of up to 12 pressure sources with only 


one transducer, this new pressure 
scanner can also be used to reduce 
error by automatically introducing a 


calibration pressure during each scan 
cycle I'he transducer is vented to 
atmosphere between ports, thus elim 
inating hysteresis effects. Internal ro 
tor is driven by a unidires 
torque motor. A relay circuit provides 
dynamic braking for port 
registration By unit to 
interrogate 12 others, it is possible to 
measure 144 pressures. Unit will op 
erate over a range of from 0).1 to 350 


tional high 


iccurate 


using one 


psi with dry air and noncorrosive dry 





were Sls Teeerewie 





































gases. Its low internal volume pre = 

vents any adverse effects on the pneu PRECISION 14 models to 
matic response of conventional pres meet almost all 
ure svsterns.—G. M. Giannim & Co PRESSURE industrial needs. 
Inc., Monrovia, Calif Send for 
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GOVERNAIRE - pilot operated 



























J + 
KENDALL -direct acting 
a . 
Now available from the Stratos 
NEW FRICTION CLUTCH Industrial Products Branch are 
two complementary lines of pneu- 
The magnetic-type friction clutch matic pressure regulating valves. 
shown .~ is designed for Re Both lines are designed for dead 
ti V we , : .¢ 7 Pa 
on in iow po Cr servomechanisms, end service. Relief is built in and 
and meets tough military environ ; . . . 
air consumption is low, 
mental and performance specs. Stand 
ard models operate on 24 vde, deliv 
cring a minimum of 50 oz-in. torque 
Response time is within 3 millise ae The Governaire: Offering very 
powcr consumption is 3 watts, and high flows regulated by small sig 
the vag nals, the “Governaire” models are 
1¢ Maximum ¢crror upon engagement self-contained pilot operated, giving 
is 2 min of ar lests reveal no per precise control even at very large 
: , : flow rates. (Illustrated is the lever 
formance drop at rated load and high operated Model 3500) 
speed for one million cvycles.—Dy 
namic Instrument Corp., Westbur 
N. Y ‘ 
i The Kendall Direct acting, force 
Circle No. 45 = reply card balanced types, the “Kendall” regu 
lating valves also are available in 
a wide flow range Ihey offer the 
reliability in the direct acting type 
that the “Governaire’ models give 
in the pilot-operated type 
All models can be completely serviced including replacement of 
working parts — without removal from the line. Most are designed 
for operation at up to 250 psi supply pressure 
AVAILABLE MODELS 
’ _~ GOVERNAIRE KENDALL 
Se Regulators Regulators 
Regulated Pressure Regulated Pressure 
Model No. _ _ Range fe Pipe Sizes sf. Model No. Kange Pipe Size 
1000 _'a—10 to 2-150 a & ie NPT ___10 0 to 2-150 V4 & Me NPT 
PHIRTY-FOUR RATIOS 3500 14—30 to 3-150 Ms, ¥2 & % NPT Ww 230 to 2-100 V4 & Ye NPI 
( Drift-free (miniaturized) 
A new line of miniature differentials Jo aA 50 20 pai set NPY 
; lable f t 4000 10 to $-250 Ye, 2 & % NPT 55 0—10 to 2-100 + NPT 
IS nOW aValliaDic Tor app ications where Veleme Meactee neeenees teens Mhaentenn 
small size and long life are essential 1500 wa. 10 to 2-150 %, 2 &% NPT | Model No Range Pipe Size 
(spring biased) 7 ya 
Ball bearing shaft supports are foot am P Ratio SS aul —* — aN 
mounted for easier installation. The 2000 i V, & ¥e NPT ; Ratio at 
units will add or subtract two rotating 4500 1 1, 4:2, 1 3 Mu, 2 &% NPT 20 1 ; 1 1:3 j «NPI 
a 2 and 1 
inputs, and can be used for controlling ie NPT 
relative speeds or for changing speeds (reversing (reversing 
, relay) relay) 
‘ quickly without disconnecting — the 
power source Thirty-four speed ra 
tios, from 1:1 to 27:1, provide wick 
design possibilities. An optional anti TihltehaAatTos 
backlash feature is the result of using 
* 
two parallel gear trains spring loaded INDUSTRIAL PRODUCTS BRANCH 
against each other.—Metron  Instru A Division of Fairchild Engine and Airplane Corporation 
ment Co., Denver, Colo Route 109, West Babylon, Long isiand, N.Y. 
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This letter moved a man ahead 5 years 


‘Two years ago a man took 10 minutes to write this letter. Today he enjoys 
the responsibility and professional standing in the Autonetics Division of 
North American that might have taken 7 to 10 years to achieve in other fields. 


AUTOMATIC 


150 


CONTROL 


THE FIELD AT AUTONETICS—A FIELD OF OPPORTUNITY 

Now under way at AUTONETICS are nearly 100 projects, comprising 
some of the most advanced and progressive work being done today 
in the fields of Electronics, Electro-Mechanics, Control Engineering 
and Data Processing. 

You will work on automatic control systems of many kinds, for 
manned and unmanned vehicles. Every state of the art is represented, 
from preliminary conception right through flight testing. Facilities are 
the finest obtainable. Your colleagues will be men of ability and 
imagination, of the highest professional standing. 

The long-range potential in this field is truly limitless. The tech- 
niques being developed at AUTONETICS today will have the widest 
application in the industrial methods of tomorrow. 

You owe it to yourself to consider how far you can advance by 
entering this exceptionally promising field right now. Here are the 
opportunities: 


COMPUTER SPECIALISTS * COMPUTER APPLICATION ENGINEERS «+ 
ELECTRO-MECHANICAL DESIGNERS + ENVIRONMENTAL TEST ENGI- 
NEERS + ELECTRONIC COMPONENT EVALUATORS + INSTRUMENTATION 
ENGINEERS + FIRE CONTROL SYSTEMS ENGINEERS + FLIGHT CON- 
TROL SYSTEMS ENGINEERS + ELECTRONIC RESEARCH SPECIALISTS - 
AUTOMATIC CONTROLS ENGINEERS + ELECTRONIC ENGINEERING WRIT- 
ERS + INERTIAL INSTRUMENT DEVELOPMENT ENGINEERS + PRELIMI- 
NARY ANALYSIS AND DESIGN ENGINEERS « RELIABILITY SPECIALIST 


Write your letter today. Decide now to get the facts, so you can make the 
most of your potential. Just put your address and brief qualifications on 
paper—handwritten will be fine. Reply will be prompt, factual, confidential. 


Write: Mr. A. Brunetti, Autonetics Engineering Personnel, 
Dept. 991-12-CON, P.O. Box AN, Bellflower, California 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
CONTROLS MAN HAS NEVER BU 
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‘ 
' NO TOOLS REQUIRED 
Lhis unusual tube connector should 
be 1dcal for ipph tions wivOlving pre 
ure or vacuum testin No. tools, 
threading, or soldering is required 
Ihe connection is made by unpl 
pushing the end of the tubing int 
the stop position. ‘This operation au 
tomatically locks the tube in a leah 
proof seal, ready for vacuum exhaust 
ing or pressure filling. ‘The connector 
is designed to operate at any pressure 
to 1,000 psi ind any vacuum to 25 
micron lor disengagements, thi 
lever is simply pushed forward, and 
the tube pulled out The connector 
is available in three standard sizes: for 
1 in in., and 2 in. OD tubing 
Mechanical Products Corp., Chicag 
11] 
Circle No. 47 on reply card 
fs 
PROCESS ENGRAVING 
Accuracy within min of arc and 
ncentricit within 0.005 in. total 
indicated runout are claimed by the 
nanufacturer of these precision im 
trument dial lo achseve such 
uracy, a master 1s engraved on opti 
flat glass and reproduced photograph 
ically After processing, no prot 
tive coating is required as the 
inal finish is solvent resistant and 
s exceptionally durable Dials can be 
produced on aluminum, br tec] 
lamicoid plexigla s, et Plastic part 
can be opaqued, transparent, or tran 
: lucent for back and edge lighting ef 


fects Ackerman Engraver New 


York City 
Circle No. 48 on reply card 












DIEHL. 


Instrument Servo Motors with 
Tachometer Generators and Gear Reducers 



















Providing three servo system 
components that can be obtained 
separately or in any combination 
Built to meet high humidity 
requirements but competitively 
priced for commercial application. 


Servo motor with gear reducer offers 
five different rat 


construction can carry 


Rugged spur gear 


a continuous 


load torque f 00 oz. inche 

Ser 1 t ti AC ta ometet 
generator les i¢ id just 
ment to stabilize the tem. Re 
sidual Itage f 100 millivolts 


ith 11 t excitat 


Servo mot 
and AC tac 


venient package of three compo 


with gear reducer 


hometer forms a con 


nents re 


ly for your application 


DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MAN 


Finderne Plant, SOMERVILLE, M. J 


"lease mail Manual RPT 
Motors and related equipment 


ribing Dieh! Servo 


other available components 


* AC SERVOMOTORS * NAME 
* AC SERVOMOTORS WiTH 
AC TACHOMETERS * COMPANY 
* AC SERVOMOTORS WITH 
T 
DC TACHOMETERS * STREE 
a ¢ 
« AC AND DC TACHOMETERS * city STATE 


* DC SERVO SETS * RESOLVERS 
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NEW 


SENSITIVE 
RELAY... 







SENSITIVITY 
! ? 7h 


VIBRATION 


The new Liquidometer 
miniature magnetic amplifier 
relay, model B2504, 
features high sensitivity 
and vibration resistance. 


Designed for use in guided missiles, air- 
borne computers and circuits employing 
photocells, transistors or thermistors, 
the new 6 oz. Liquidometer relay has 
been designed to meet the requirements 
of MIL-R-5757C and MIL-E-5272A. 
The B250-1 has virtually no external 
magnetic fields. It requires no shock 
mounting 


SPECIFICATIONS 
Sensitivity; 80 microwatts from 0-5000 
ohm resistive source, decreasing to 100 
microwatts for a 15,000 ohm source 
Vibration: 10 G's from 5 to 500 CPS 
Ambient Temperature: — 55° to +100° C. 
Contact arrangement: DPDT 
Contect life: 100,000 operations at 2 
amps resistive 
Dimensions: 114 in. diameter by 2% in. 
long 
Weight: six ounces 


For complete details, write Dept. P 


for Bulletin 562 


THE LIQUIDOMETER corp 


SKILLMAN AVENUE AT 36 ST.,LONG ISLAND CITYLW.Y. | 
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WHAT’S NEW 


All Around the Business Loop (continved from p. 38) 


and the reported vote increase was 
compatible with the increase in pre 
cincts reporting. NBC was confident 
that its transmission system would give 
it a 15- to 30-min jump on competi 
tors im reporting the returns 

NBC’s Studio 8H in New York 
received election returns from 45 state: 
via Data ‘Transceivers, and from Con 
necticut, New Jersey, and New York 
via the AP wire. All these returns 
were processed through a 650 for a 
validity check, and the following cal 
culations were made: the percent of 
precincts reporting in each state; in- 
crease in precincts reporting; the lead- 
ing party by state; national totals 
increase in national totals, and the 
clectoral college standings. At estab 
lished intervals, the 650 read out the 
latest information and an IBM 402 


‘prepared the official printed re ports 
No analytical-type calculations were 


prepared on the 650 at studio 8H 
This operation was reserved for the 
network remote coverage locations. 

Local programming throughout the 
country also made use of IBM ma 
chines, including the 702 and 705 

Arrangements were made with Tele- 
register Corp. to build indicator boards 
to show the percent of precincts re 
porting the Democratic and Republi 
can votes from each state, the na 
tional totals, and the electoral college 
standings. IBM built a special elec 
tric card reader which transmitted di 
rect from the punch cards to the 
l'cleregister boards, thus eliminating 
the possibility of human error. 

CBS once again employed Reming 
ton Rand's giant Univac as a political 
prophet. ‘This machine 


saw service 
in the presidential contest of 1952 
and the congressional elections of 


1954. Its early predietions in 1952 
so startled the programmers that thes 
tried to modify the setup, only to see 
ty px out 
confirmed its pr 
landslide 


giant 


the machine 
binal 
diction of an 
In 1954, the 
again when it predicted a Democratic 
weep of both houses of Congress 
Dr. Max Woodbury, professor of 
mathematics at New York University, 
prepared the formulas on which the 
predictions were based, a he did in 
1952 and 1954. ‘These formulas were 
based on outcomes of previous ele 


a complaint 
tabulations 
Eisenhower 


electronic scored 


tions, which were seen to conform to 
certain patterns within the limits of 
statistical error lor example, in 
1944 and 1948, the first 25 percent of 
the precincts reporting in a certain 
state accounted for 30 percent of the 
total Democratic vote and 20 percent 
of the total Republican vote 
in making the predictions, 
that patterns such as these would hold 
true. Similar patterns allowed Univac 
to translate the early 
some states to final vote predictions 
for the others. The complicated sta 
tistical computations finally resulted 
in prediction of the number of ele 
toral votes, the number of House and 
Senate seats, and the number of votes 
(or seats, as the case may be), which 
were reasonably certain for each party, 
and in a measure of how accurate the 
predictions were, Univac also kept its 
incumbents who 
be losing, and on any particular devi 
ations from expected outcom« In 
1954 Univac consistently 
that Senator Clifford Case of 
Jersey had a good chance, even 
he conceded. He won 

Among the inherent problems of 


Univac, 
assumed 


returns from 


eye on seemed to 


maintained 
New 
ifter 





Research and development center for AMF 


in Stamford: strictly a home for ideas. 





























CLAROSTAT 


VARI/PHASE 


ELIMINATES CLAMPING RINGS 


variable-phase 
single-turn 
precision 


potentiometer 


Simplified phasing — external independent 

phasing of each cup does not affect relationship 

of others. To phase, simply loosen clamping nut, 
move terminal board in desired direction, tighten 
clamping nut —and that's it! Micrometer tension 
adjustment assures equal torque and tracking 

at all times. Meets specifications set forth by A.A. 
(Aircraft Industries Associated). Others available. 
Five sizes: 4’, 1%’, 1%’, 2” and 3” dia. Write 


for complete electrical and mechanical details. 


ENVISIONED, ENGINEERED AND PERFECTED BY... 


| CLAROSTAT MFG.CO., INC. 


LARS er te, in 


(a) ANADIAN MARCONI CO 
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( Meve it tt... 


a DC Reference Voltage 


That’s Constant 
from - 55° to +100°C 


Tubeless Constant Voltage Source 
For Measurement & Control Circuits 


Designed to replace the chemical cell and 
VR tube in airborne, laboratory and other in- 
ctrumentation, the k-Volt Standard provides 
Constant DC voltage through extremes of 
operating and environmental conditions .. . 
including ambients as low as —55° and up 
to 100°C! 


Employing no tubes or moving parts, the 
k-Volt Standard is unaffected by position, 
vibration or mechanical shock. Its negligible 
temperature coefficient and freedom from 
hysteresis or switching effect make it applic- 
able as an absolute reference, a constant 
output working supply or a precision voltage 
regulator wherever specifications demand 
highest stability with time and temperature. 
Other important features are; 


@ Small size: 1-11/16" x 1-5/16” dia. 
@ Power drain: less than 1.8 watts 
@ Life: more than 10,000 hours 
@ Vibration: conforms to MIL-E-5272A 
@ Base: miniature 7-pin 
@ Weight: less than 3 oz. 
»\ © Case: hermetically sealed 
. 


Random drift: less than 0.1% over 
hrs. 


Models to Meet Wide Range of Application 
Requirements: The k-Volt Standard is avail- 
able for operation frem 26.5V DC, or 115V 
AC, 60 or 400 cycles; DC output 6.2V at 
} ma or 10 ma, 1V at 1 ma. Specially modi- 
fied units can be developed to meet par- 
ticular needs, 


For complete specifications 
and performance data 


send for bulletin No. W-128 


a *TRADE MARA 


=" Vie 








Precision Instruments and Control Systems 
\._ 58-15 Northern Bivd., Woodside 77, N. Y. 
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this type of foreca ting, said W ood 
bury, are the bias of early returns in 
ome state Democratic vote 
ettect of 
pecial or new issues before the voter 
ind the effect of early returns which 
Attempt is made t 
problem hie ud, bi 


wher 


ilways come in easly; the 


are reported late 
solve thes 
identifying and measuring the bias 
ind the uncertaintie: The best guc 

of the done in 

min, Woodbury said, “but the bi 
problem is to decide the 


outcome can he 


oundne 
of the predic tion,” The 
entire time for on 


md accurac\ 
operation—from 
data input to printed result—i 


6 min 


ibout 
and this includes the solution 
of a 531-term polynominal 

It has 
hours on election night the Univa 


now located in N. Y., did 1,800 hour 


of pencil and paper work 


been estimated that in six 


| lecom 125. Underwood } nev 


medium-scale electronic computer 


made its first publi 

election night, when it 
turns and predicted the 
contest state by state 
tion. ABC 


COVCTALZC, 


ippearance on 
computed  re¢ 

presidential 
ind for the na 

I'V, as part of its election 
featured visits by 
telecast every half 


Wot id ’ ncw 


remot 
Unde 
Data Processing Center 
where Elecom 125 was operating. Re 
turns received at the ABC studio 
were teletyped to the center and tran 
scribed onto the computer’: punched 
paper-tape input. As the results wer 
calculated, Elecom 125 automaticalls 
typed them out in jumbo-sized type 
on a specially prepared typewriter. An 


ABC-TV 


hour to 


camera, trained on thi 
typewriter, transmitted the typed re 
sults directly to home T'V screen 


Ihe Elecom 125 system, consisting 
of a general-purpose electronic com 
puter and an automatic data-handling 
unit (the File Processor), is completel 
decimal in operation and handles al 
phabetic and alphanumeric data. It 


was designed for busines 


general 





Bailey Meter Co. builds in Wickliffe, O.: 





rather than scientific applications, an 


is capable of performing an mathe 
matical computation that can be set 
up The svstem dift from th 
nant electronic bra that it ha 
1 medium (millisecor ther th 
1 microsecond speed, (> the com 
putes magnetic drum memory wa . 
ufficient to hold all tl 
historical data, the File Pre or 
not required for the clection migi 
operation 
‘Data on presidentia lection f ° 
the last four decacdk gatl d fron 
many sources, were selected and pt 
immed into the machine by D 
Leon Nemerever, of Underwood 
Electronic Computer Div., and tn 
taft Underwood retained Low 
Bean, a political analyst ho 
rately predicted the 1945 pr identi 
election, as a consultant in the op 
ition Bean selected the data and 
developed the intricat orrelati 
between county and stat betwec 
tates, and between stat id nation 
upon which equation lating th 
interplay of political beha “ 
built Phese equation fed into FE) 
com 125, formed the basis for th 
predictions Provisions were made to 
jutomatic strengthening or softening 
of predictions as returns in ised and 
trends became apparent Also pro 
grammed in were message uch 
I’m getting excited” and “I goofed 


to be printed out if the 
close or if a radical 


which wer 


race became 


change in the predictions occurred 
> 'T'cleregister Corp., which has mad 
1 name for itself as a maker of special 


purpose electronic systems for busine 


ind industry, has perfected a coast 
to-coast automatic flight reservation 
ystem for ‘Trans World Airlines 
Called Magnetronic Reservisor, th 
ystem expand on 'ecleregistet 

Reservisors now used in large citi 

by most other airtine By means of 


working space here climbs to 165,000 sq ft 
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>. 
* 
° . 
DESTINATION: 
+ 
H utoltanew eapon te \mer is inven 
tor tf counter-measures that 1 the peace is an 
IBM. airborne computer eciall cle med to 
wuice America most p ( bet vith un 
believable pres 
| » build compl f¢ water {iy to tl ill 
borne computer IBM submits t finest available 
component to test wf t ‘ ren, Oh 
those that su e are used, | this test data 
IBM electronic « mputers | t improve 
the failure ind make those ted even better 
In thi Vil IBM hel trenet t} eneral reli 
ibility of all electroni te e to Amer 
j iirborne Tr ly j j lependal le 
‘ P | ii { 
ENGINEERS: 
IBM offers excitis { ri} 
| ter ‘ ntrol té | ‘ ind 
micro ‘ wits 
WRITE, giving details of background and inter | iddition t excellent st ’ 
ests, to: R.A. Whitehorne {oom 2612, International the-job ti i th p IBM off cl ce ton 
Business Machines Corporation, 590 Madison Avs rapid pr t through it rerit 
nue, New York 22.N. ¥ tem, You ll work i ree if icest location 
in all A é ‘ t t 4 IBM 
, Positions available in Owego and Kingston, N. ¥ sewed ' 
mati Ty i ‘ i ‘ 
IBM Laboratories and Manufacturing Plants al 
located in Poughkeepsic¢ and Endicott, N. Y.. S$ 
lose, Calif.; Rochester, Minn.; and Lexington, K MILITARY 


PRODUCTS 





MILITARY PRODUCTS + DATA PROCESSING «+ ELECTRIC TYPEWRITERS «+ Time EQUIPMENT 
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WHAT’S NEW 


magnetic-drum storage and clectroni 
transmission, the new Reservisor gives 
an agent all the information he need 
for servicing custome located an 

wher along [TWA QO00 miles of 
routes on rour continent Data ar 
stored in “brain cente in three 
cities, New York, Chicago, and Li 

Angel Once he h ontacted a 
brain center, though | iwent set 

which looks like a small adding ma 
chine, an agent can s ind recei 

ill information channeled by the 
smaller Reservisor plu ne thing 
more: wait-list requirement which 
transmitted to the ‘TWA ntral of 
fice, take the place of the big board 
currently used to post a lability of 
flight §pace Installation of the new 
cquipment is expected to b om 
pleted next fall. 

>A new Waltham, Ma lectronics 
firm, Neutronics Research Co., will 
do research and development work 
in countermeasures, Communication 

medical instruments, educational de 
vices, and control circuit Partner 
in the enterprise are Harry Stockman 
H Philip Honanian ind | Jame 
Johnston 

> Servomechanisms, Inc., has moved 
its corporate offices to New York Cit 


to give better service to its increasing 


ONE OF A SERIES — depicting guidance ‘‘Yesterday, Today and Tomorrow” 


os * os 
iccounts there and t pro ide mor 
navi a ion is a ro em elbow room for producti mn activitie 
=_ at Westbury, N. Y., where the cor 


porate offices had been located The 
From the ancient Chinese comes one of the earliest known directional devices. new quarters, at 445 Park Ave., add 


Not the magnetic compass of legend, but a mechanical compass with differential 000 sq ft of space to Servomech 
gears for maintaining a constant south-pointing position. It was used by Yellow anism $ — irca Just prior to 
; ah tl \ € cor nv leased 17,000 
Emperor Hunag Ti about 2634 B.C. to guide his armies across the vast steppes us move, the company leasec 


: q ft in Garden City for its growing 
eading to the sunny, fertile $ : south. . 
leading tt sunny, fer ile lands of the south i Tastes Diy. 
Many forms of navigation have been developed since, each system requiring 


greater scientific knowledge. One of today's systems is inertial guidance, a complex 
integration of electronics and servo mechanisms utilizing the best that present 

we Ss 0 7 LaLa ‘ t 
technology can provide. & two-story addstion LS 
to Bailey Meter Co,’s plant in Wich 


liffe, Ohio, bringing space in Wick 
ways... missile guidance systems . . . a recovery system used in several missiles liffe to 165,000 sq. ft 


... and a landing system for aircraft in all types of weather. P An industrial science center (158 
Bell offers an unparalled opportunity to the progressive engineers who desire 000 sq ft) recently open d in Morton 
assignments that demand creative thinking. Engineers with a B. S. or advanced Grove, Ill » Near hic ‘6° by Cooke 
degree in: Hlectric A 0. Che Cooke Techno- 
logical Center, as it is called, consist 
of seven’ one-story building i heli 


SERVO SYSTEMS ENGINEERS sort, and parking facilities for 1,200 
MAGNETIC AMPLIFIER SPECIALISTS te cars, First to occupy the site were ad 
TRANSISTOR APPLICATION SPECIALISTS { idvance teams of Cooke Research 
DIGITAL COMPUTER DEVELOPMENT Laboratories and Inland Testing Lab- 

SPECIALISTS D oratories, two of the company’s seven 
ELECTRONIC DEVELOPMENT ENGINEERS } D divisions 


; > \ research ind development center 
please contoct ; i 200,000 sq ft) in Stamford, Conn 
MOrazl CORPORATION 


Companies A-Building 


Ac Bell, problems in navigation or guidance have been answered in many 








fe for American Machine & Foundry 
yi Central Engineering Laboratories. [1 
Dept. H ha! ws me = aS luded in the $4-million projec 


1 Buffalo 5, N. Y. he five laboratories 


Manager Engineering Personnel 
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Honeywell's new facility in Se. Petersburg, Florida 


be 


the first of its kind ever built in this country exclusively for 


the design and development of inertial guidance systems 


HONEYWELL GOES TO FLORIDA: 


200 OUTSTANDING SCIENTISTS AND ENGINEERS 
ARE NEEDED FOR HONEYWELL’S NEW INERTIAL 
GUIDANCE PROGRAM! 


Right now Honeywell is selecting, for the 
engineering staff of its new Florida 

facility, creative, forward-looking men with the 
scientific knowledge and ability to qualify 

for this advanced work 


These men will receive first-rate salaries, have 
unusual opportunities for advancement and be 
supplied with the finest in equipment and facilities 

They will work in small design and de velopment 
groups where individual ability and contributions 
are quickly recognized and rewarded 

This Florida location affords ideal living Nearby 
St. Petersburg has many cultural and educational 
advantages, and the entire area is noted for its 
climate and recreational facilities. Housing is 
plentitul, cost-of-living lower than 
the national average 


Honeywell 


- 
H | Aeronautical Division 
ned 


Immediate Design and Development Openings in 
Inertial Guidance: 


Systems Analysts * Product Designers * Product Managers 

Special Needs for Trained Pers el in the Following 

or Related Fields 
Inertial Guidance Digital Computers 


Systems Engineering Computer Logic 


Mathematical Analysis Mathematical Analysis 
and Programmin 
Platform Design 9 9 


T . : 
Floated Gyro ond ransistor Pulse Circuitry 


Accelerometer Design 
9 Magnetic Memory 


Precision Analog Design 
Computer Design 
Panel Instrument Design 
Transistor and Magnetic 


Circuits Electronic Packaging 


Optic and Ground Handling Equipment 


SEND RESUME TODAY if your interests and experience 
are related to the fields listed above. Mail immediately 
a résumé of your education and experience to 

Bruce D. Wood, Technical Director Dept. TF-2, 

1433 Stinson Blvd., N.E., Minneapolis 13, Minnesota 
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~@~ Visible From Any Angle — Any Distance 
‘ because a new, tiny Alden 
bulb (only \% the size of miniature 
” bayonet bulbs) is sealed high up in 
its own translucent lens and mounted 
+78% eure in front of the panel to provide maxi 
erriciancy mum indication 


aly 
© Eliminates Bulky Focusing or Refracting 
'" Devices Since most conventional indicator 
ij lights pies ate located behind the 
anel they have to make use of 
ulky em eg lenses of refract 
ing devices. But the bulb-iens unit 
on Alden ‘‘Pan-i-Lite’’ mounts 
» in front of the panel needs no 
as eure special lens to provide a brilliant 
glow that is 


~ 9 Times Greater Light Efficiency 
Lens glows like a fad hot poker in a 180° 
arc 
Non-Refracting — Unobtrusive When Uniit 


Even brightest lights will not cause false 
indication 


erriciancy 


Instantly Replaced From Front Of Panel 
is Merely drill a 348" hole and snap-in 
. 6 for mounting. Holds fast under shock 
or vibration. Bulb lens assembly re 
places from front of panel 
Variety Of Colors And Voitages 
6V, 12V, 24V, 110-220V Neon 


Write for full information ~ today 


2128 Main Street + Brockton, Mess. 


ste 
“es 


“4° 
‘ 


FREED MIL-T-27A. 
TRANSFORMERS 


PULSE TRANSFORMERS 


Siect’g Osc 


Pulse 
Voltage 
Kilevalts 
6.25 0.250.265 
0.25025 
650505 
605,05 
60506505 
05.05 
07,0707 
07,07 
10/10/18 











1o108 
10/10/10 | | 
i 616/0.15,0.3,6.3]0.21.0 | 








Single or FF Plate 
te Single or FP Grits | 
sou 
Spur 
400 
Sone 
+00 
Splie 
ron 
aay 
iow 
aay 


lweat ‘ou 
loaa Line te Voice Coil 

MGA) Line to Single or FF Grid 
MGA‘ Linn te Line 

} 

MGA Single Plate (> Line 

| M@Ab Single Plate ie Voice Coit 

| 

|M@a? Single or FP Plates te Line 
MGAE PF Pietes to Line 24K 


|MGAT FF. Plates te Line oon 
t 


Send for NEW 48 transformer catalog. 
Also ask for complete laboratory test instru- 
ment catalog. 


FREED TRANSFORMER CO.. INC. 


WEIRFIELD ST., BROOKLYN (RIDGEWOOD) 27, N.Y. 
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Hon Dullding, cach with ots « 
POTOME 


Wh Con 
jooms and cngineering area 
No manufacturing will be 


don on 
the 394-acre site 


; mmstead, the em 
phasis will be on de ign and develop 


nicl Stamford wa 
center after a thorough study of vat 
ious locations in Pennsylvania, New 
York, and New Jersey, as well as Con 


necticut 


chosen tor the 


Important Moves by Key People 


PAs chief icntist of the Office of 
Naval Research, Emanuel R. Piore 
held the top civilian post in that o1 
alization It wa parti through huis 
cftorts that ONR became the 


ICHGINE 
research arm of the 


government, tak 
ing a leading role in the use of gen 
cral-purpose digital computers and in 
development of program 
mathematics and numerical analysis 
Now, as director of research for IBM, 
Piore takes on dutic vhose Cope 1s 
it least equally wide Thi 
in solid-state and physics will 
head a company-wide study 
that is making use of laboratories in 
New York, California, and Zurich, 
Switzerland Most recently research 
vice-president of Avco Mfg. Corp., 
which he will continue to serve as 
consultant, he has also been with 
RCA and CBS-TY, and is associated 
with some of the early work 
television. He i 
Science Advisor 
Office of Defens« 
fellow of the IRE. 

© ilectronic Control tem In 

which apparently ha ided to call 
| spade 1 spac 


in applied 


pecialist 
urface 


proj ct 


in color 


Committee of the 
Mobilization and a 


when it comes te 


Jack Rosenberg 


A. J. Hanssen 


1 consultant for the 


Z. R. Smith 


bestowing titles on its key executive 
has dubbed Jack Rosenberg manage 
of automation. If this is a precedent 
it is about time it Breaking 
this particular chunk of ice has taken 
’ long time, during \ 
panies that never 
iutomation im their pl release 
might have done a lot of needless beat 
ing about the bush to avoid using the 
vord in executive titl Rosenberg, 
vho will be in charge of design, de 
clopment, and prototype construction 
of high speed special purpose digital 
computers and machine-too] control 
has had experience at Princeton Uni 
versity, where he steered the 
mentation phas« of a 
yvnchro-< 


instru 
medium-sized 
yclotron, and worked under 
John von Neumann on thi prototype 
Naniac computer Ile came to the 
Stromberg-Carlson afhliate from Gl 

llectronics Laboratory in 1954 

> Bernard Salzberg, who for 15 yea 
was associate supermtendent of thi 
lectronics Div. of the Naval Research 
Laboratory, has been 

cientist of the Research 
ing Div. of Airborne In 

oratory, Inc. Salzberg 


named chief 


Bernard Salzberg : 


B. R. Teree 





are you 
killing 

that still, 
small 

voice? 


When that voice 
professional ego 
do bigger and | 
you smother it 


of doubt? 


And when that 

to you Ol a gentk 

the sno 

and sunshine 

the basking, do 

the sledge ham 

Don’t kill thi 

could lead 

you ll find tho 

that better lif 

you've a mind t can matter in 
the guided n cid, Firestone 
needs you in it a clopment 
program for the Ar Corporal,” 
first surlace-to ce guided 
ballistic 1 


iew ol o 


Flight Si 

Klectroni 

Missile ¢ omponent Design 
Systems Analy 
Structural De 

Field Engines 


Next time 


Firestone 


GUIDED MISSILE DIVISION 


RESEARCH * DEVELOPMENT *«eMA FACTURE 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


Modern industrial electronic en- 
gineering ‘as been coordinated 
with eleciric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating <urrent power 
line, Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power, 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to | in some 
models and a minimum of 20 
to 1 in others. 
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DIV of "ELECTRO DEVICES Inc 
4 Godwin Ave., Paterson, N.J 
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WHAT’S NEW 


high-frequency Acorn tubes, in shaped 
grids and ahoucs tor conventional rc 
ceiving tubes, and in other phases ot 
electron tube development has brought 
him such honors as the NAM’s Mod 
erm Pioneer Award, the IRi’s Harry 
Diamond Award, and Polytechnic In 
stitute’s Certificate of Distinction. 
P Albert J. Hanssen, who has been 
chief engineer of Black, Sivalis & Bry 
son, and chief engineer of McAleat 
Mfg. Co, of Chicago, joins Conoflow 
Corp. m an identical capacity. He 
will work under Vice-president Watr- 
ren H, Brand, supervising the admin 
istrative and design tunctions of the 
companys kKngineering Dept. 

® Potter & Brumfield, Inc., also has 
a new chief engineer. He is Zeke R. 
Smith, who joined the company three 
years ago in Chicago liis former 
athhations imeclude Bendix Aviation 
Corp., Airborne Instrument Labora 
tory, Wilcox Electric Co., and Vendo, 
Inc. 

P'lhis seems to be the month for 
chief engineers Greer Hydraulics’ 
new man is Baboo Ram ‘Teree, an 
authority on aircraft and industrial 
hydraulics. A director of the National 
l luid Power Association and an associ 
ate fellow of the Institute of Aeronau 
tical Sciences and the Royal Acronau 
tical Society, ‘Teree has been with ‘The 
Weatherhead Co. of Cleveland, Ohio 
(chief engineet of two divisions, proj 
ect engineer in charge of development 
of aircraft equipment, director of the 
Weatherhead Laboratories), New York 
Air Brake Co. (director of engineering 
of the Hydraulic Div.), and Curtiss 
Wr.ght Corp 


ginecr). 


(hydraulic group en 
Another change at Greer 
spotlights Jules Kendall, named vice 
president in charge of the company’s 
new R&D Div., which will specialize 
in jet airliner airframes, engines, mis 
giles, etc Kendall, 
with Greer since 1945, most recently 
was vice-president in charge of sales 
> John J. Burke goes from the govern 
ment’s Jet Propulsion Laboratory, 


, on a systems basis 





where he was head of the Guidance 
& klectronics Div., to Hallamor 
t.lectronics Co., which has named him 
vice-president for engineering. Whuik 
it the Jet Propulsion Lab Burke made 
contribution to the 
Before that 
ind aircratt con 
Aircraft 


ome major 
Army's Corporal missile 
he worked on missile 
trols as a member of Hugh 
Co.'s research staft 

P In response to requests for broader 
applications of the ‘lipp-lTronic safety 
controller for conveyor systems, ‘Tipp 
Mfg. Co. has established a new Con 
trols Div., which will manufacture and 
distribute industrial control packages. 
Chief engineer of the division is 
R. A. Moenich, who has done design 
ind development work in centralized 
controls for railroads and telephones 
David J. Dolan hires on to handle 
field sales problems involving the new 
line 

> Key missile men appointed recently 
by important control makers includ 
Kirke W. Marsh, general manager on 
a major missile project assigned to the 
Pacific Div. of Bendix Aviation Corp., 
ind Arthur N. Corner and Upton S. 
Brady Jr., project managers for missile 
test equipment and missile guidance 
equipment, respective ly, at Farnsworth 
Electronics Div. of International ‘Tel 
phone & Telegraph Corp Marsh 
comes to the Pacific Div. from Ben 
dix’s Research Laboratories in De 
troit, where he had been located since 
he joined the company last February 
Before that he was with Fairchild 
Guided Missiles (senior project eng) 
neer), Hazeltine Electronics Corp., 
ind Airadio, Inc. Corner, most r 
cently assistant to the president and 
acting director of engineering of Ele« 
tronics Corp. of America, has also 
been with Melpar, Inc., The Kellex 
Corp., Link Aviation, Inc., ‘The Glenn 
L.. Martin Co., and McDonnell Ai 
craft Corp Brady, a retired Navy 


captain, was formerly program director 
for guided missiles in the Navy Dept 
Bureau of Ordnance 





J. Jj. Burke 





R. A. Moenich 


K. W. Marsh 


thermoewitch units. 





and a variety of cit 
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(100) MULTI-'STAGE METERS 


Fischer 


& Porter Co Flowmeter Diy Catalog 
10-A-34, 1 pp Presents an int luctior 
to the F & P multi-stage “Flowrator” me 
ters, describes ymponents inv d, and 
gives useful data on sizing floats for var 
application 

(10] RADIATION PYROMETERS 


' 


Minne ape Honeywell Regulator C« 
dustrial Div. Catalog C 93-1 24 pp 1) 
ine of Brown Radiamat 
ding the new 


scribes com picte 
pyrometers, incl 
model developed primarily for use it 


crystal growir First 


ipphire rod 
seed 


page des ribes theory 


of radiation pyror 
CONTROLLERS 
4.13 ¢ DT 


’ 
and principh etry 


(102) PNEUMATK 
The Bristol Ce Bulletin 


Gives omplete details on a new series of 
pneumatic controller Sections describe 
contro] principles and illustrate the varior 


control modes availa 


HARNESS Fenwa 


(103) JET ENGINI 
Inc. Bulletin MC-141, 4 pp. A pictonal 
de scription of a unique semi-rigid harnes 


and thermocouple detection system f 

Includes data on the 
terminal couples and vario 
details that elin 
provide resistance to 1 


r yet 


engines new button 


is manufacturir 
contar d 


inate nation af 


bration 
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104) BATCH CONTROL. Fischer & 
Porter Co. Bulletin 91-109, 4 pp. Describes 
r&P itch ntro ysterns for automat 
ally iding a predet ved volume of 
fluid ¢ a batch proce In des ¢ mpl te 
atiwr m the | } t ind on 
+} } 1 of ti Oo tem 
BALL BEARIN I} Bard 
( ( neral Catalog ; | at 
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j lex. a dex, an } i 
’ heart 
106} ANNUNCIATOR SYSTEMS. Pan 
ellit, Ih Panala 1) Catalog I 
pp Conta t af tl fur 
tion and ger feat | i! A 
‘7 if ‘ ‘ cy ‘ 
echanica t t t cata 
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109) DATA PRO ING. DITTO 
I Booklet ‘ tegrated Lata 
Proce np \ PFactua 7 / 5 tells how 
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" P ne 
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b t ( | 18RG, 12 pp 
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TOR. Fenwal, Inc. Bulletin MC-142. 
Describes a detector for protecting airborne 
electronic equipment against inadequate 
cooling conditions. Physical and or 
ance specs are given, along with a descrip- 
tion of the operating principle 

(114) CONTROL VALVES. Conoflow 
Corp, Bulletin LB-2, 12 pp. Gives details 
on construction and operating characteris 
tics of company’s LB control valves. Con 
tains useful data on valve sizing for liquid, 
gas, and steam flow 

(115) VIBRATION EQUIPMENT. MB 
Mfg. Co. Bulletin 124E, 12 pp. Vibra- 
tion pickups and meters, for use in vibra- 
tion analysis work, are described, Detailed 
table gives data on natural frequency, 
damping, sensitivity, suspension, etc. 
(116) CIRCUIT BREAKERS. Heine. 
mann Electric Co, Bulletin 3411, 20 pp. 
Covers general purpose circuit breakers, 
detailing their fun magnetic principle. 
Design, operation, and applications de- 
scribed. Schematics, time-delay curves, 
and other useful engineering data included. 
(117) PROPORTIONING PUMPS. Hills- 
McCanna Co. Catalog 602, 8 pp. Covers 
details and specifications of the Model 
“U" and “K” mechanical and hydraulic 
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drive metering and proportioning pumps 
Capacity-pressure charts included to sim 
plity pump sizing. 

(118) ACCURATE METERS. Greibact 
Instruments Corp. Catalog, 8 pp. Cor 
tains information on the company’s nniqu 


meter movement and the light bheam 
pointer that eliminates parallax. Charts 


and diagrams describe scales and ranges 
(119) INFRARED ANALYZERS. Leeds 
& Northrup Co. Folder N-91-620(1), § 
pp. Discusses the application of L&N in 
frared equipment to the monitoring of 
furnace atmospheres, I}lustrations of typi 
cal chart records are included along with 
schematic diagrams of typical applications 
(120) DIGITAL PRINTERS. Victor Add 
ing Machine Co. Bulletin, 12 pp. Con 
tains some useful engineering data on 
Vietor’s high-speed serial and parallel en 
try digital printers. Covers operating 
specifications and provides details on cal 
culating and printing techniques 
(121) MIDGET CONTROLS, Fenwal, 
Inc. Brochure MC-132, 6 pp. Describes 
complete line of miniaturized temperature 
controls for aircraft, airborne equipment, 
and related applications where space and 
weight are critical. Two types of midget 


ENGINEERING 


ADDI IraA Tifihi 


thermoswitch units, and a variety of cit 
cular and rectangular thermostatic units 
are illustrated. 

122) BANTAM SPEED REDUCERS 
Metron Instrument Co. Bulletin 98, 4 pp 
Contains descriptive information on small 
but powerful speed reducers. Shows a 
number of applications, and lists significant 
features common to all units, Selection 
chart is included on back cover. 

123) TRANSMISSIONS & CLUTCHES 
Salsbury Corp. Bulletin 56-D 1, 4 pp 
Illustrates and briefly describes a line of 
automatic clutches and transmissions pre 
ently offered. Serves as a quick reference 
sheet when selecting such equipment 
(124) COMPANY FACILITIES. Servo 
Corp. of America. Brochure, 4 pp “Re 
search and Engineering” describes th 
company’s facilities for research and deve] 
opment in infrared, electromechanical, 
optical, communication, cc ntrol, and data 
ystems engineering 

125) DC POWFR SUPPLIES. Sola 
Electric Co. Bulletin DC-245, 4 pp. Give: 
pertinent technical data on six new ad 
justable-output, constant-voltage de poi 
supplies. Design feature 
briefly discussed 
(126) PRECISION INSTRUMENTS 
Radio Corp. of America. Two-color folder 
illustrates and describes a number of pre 

ision instruments for use in measurement 
ind control. Includes signal generators 
pulse generators voltmeter 
and impedance bridgs 

127) “THERMOSWITCH”’ CON 
rROLS. Fenwal, Inc. Folder, 6 pp. Con 
tains physical specifications, performanc« 
data, ranges, and other information on Fen 
wal’s differential “Therm 
switch” units 

128) PULSE TRANSFORMERS. Tech 
nitrol Engineering Co, Describes the appli 
cation of pulse transformers to a variety of 
circuits. Covers a number of stock models 
as well as custom-wound units for transis 
tor, printed, and. military circuits 
(129) RATE GYROS. Humphrey, In 
Three single-sheet bulletins contain pho 
tos, descriptions, and general specifications 
for rate gyros, acce lerometers, and poten 
tiometers. Specs include data on weight 


and application: 


multimeter 


expansion 


ranges, linearity, friction, hysteresis, resolu 
tion, natural frequency, et 


130) COMMUTATOR MAINTI 


NANCE Westinghouse Electri Corp 
Bookiet B 6150 A 27 pp “Carbon Brushe 
and Commutator Maintenance Team Up 


to Work for You” guides the maintenance 
man in solving his commutation problem 
Sections deal with maintenance 
ments, factors affecting 
carbon brush materials 
131) MAGNETIC MEMORIES. Gen 
eral Ceramics Corp. Technical Bulletin 
MM m § pp I xcellent descr ption of the 


use of “Ferramic in the opera 


require 
ommutation, and 


material 
tion of coincident current magnetic mem 
ories. Defines basic core requirements, d 
usses selection method in 
rent two-to-one selection memory systen 
132) CONNECTOR NEWS Alden 
Products Co. Bulletin, 4 pp. “What's 
New at Alden’s” describes a whole series 
of rugged high-voltage and multi-wire con 
nectors, and the integrated com 
ponent service 


133) ENCAPSULATED 


oincident cur 


company § 


RESISTORS 








\ ox Corp., Cinema Engineering Diy 
Bulletin LC-L030BX, 20 pp Includes first 
table to show equivalent military specifica 
tion \ line drawing accompanies each 
table of physical dimensions and electrical 
haracteristi 

134) SERVO ANALYZER. Servo Corp 
of America. Brochure TDS 1100, 4 pp 
Provides sp for four standard model 
ervo analyzers. Contains a full page on 
how the instrument is used to solve various 
problems, and describes outstanding fea 
tures of cach model 

135) PLASTIC TUBING. The U. § 
Stoneware Co., Plastics & Synthetics Div 
Bulletin T-97, 28 pp. Covers a number of 
flexible tubing formulations individually 
ind in technical detail. Applications and 
limitations are presented along with physi 
i] properties and chemical resistances 
136) HIGH PRECISION POTS. Ek 
tromath Corp. ‘Technical Bulletins 63 and 
64, 6 pp. total. Single turn, continuous rr 
tation, high precision potentiometers are 
overed in Bulletin 64, while 3- and 10 
turn, linear and nonlinear pots are handled 
in Bulletin 63. Complete spe are given 
long with a list of possible modification 
137) RADIATION GAGES. Pratt & 
Whitney Co., Inc. Circular 600 9-56-5-CP 
12 pp Describes the complete “RAD-I 
AC( line of x-ray and beta ray contin 
ous, noncontacting, radiation gage 1) 
usses principle of operation, component 
ind the engineering data for each typ 
138) PNEUMATIC CONTROL, A. W 
Cash Co. Bulletin 979, 4 pp. A mn 
pneumatic recording controller and a pn 
matic recorder are described. Data cov 
the models of control, range hart size 
yppropriate primary elements, et 

139) VALVES. Aircraft Products ( 
Bulletin 156, 72 pp Presents the con 
pany's complete line of precision hydrau! 
md = =pneumatic component includi 
olenoid and manually operated select 


valves, slide and poppet sequence valve 
restrictor valves, and many other special 
parts for aircraft and general industrial us 
Drawings, tables, and flow charts give 
struction and operating detail 

140) MACHINE CONTROI Minn 
ipolis Honeywell Regulator Co. Brochur 
describe Honeywell clectrohydrauli 
servo valve and new transistor servo amphi 
fier. Includes detailed pec sheets and dia 
grams showing how the units combine fe 
machine-contro] application 

141) VAPOR FRACTOMETER. Perkin 
Elmer (¢ orp Brochure give: omplete data 
on company’s new model gas chroma 
tography instrument, illustrating the ps 
formance characteristi of ten diffe 
liquid partition and solid adsorbtion 
umns it uses Accessory equipment f 
ampling, etc., also described 

142) DIAPHRAGM VALVES. Fill 
McCanna Co. Catalog 100, 12 pp. De 
ribes a new line of diaphragm valve 
term ot ipphi ation idvantage iu 
pecifications. Dimensional data given on 
three basic types Plastic bodi« und dia 


phragms also discussed 


143) LITERATURE INDEX Minn 
poli Honeywell Regulator Cx Bulleti 


c; 20 pp Covers catak g bulletin ind 
peciiication ind data sheets on variou 
product md lecture and = artic) frou 
Honeywell Instrumentation Magazin 
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NEW “SAFEGUARD” ROTAMETER Titan 
Gives Step-by-Step Sizing Instructions 





Immediately available on request, User benefits are recorded 

new SK Bulletin 18RG provides detail. Of great valve ore the 
valuable information for anyone simplified, step-by-step instructions 
who must measure fluid rote-of for sizing and selecting Rotameters 


flow accurately and safely. The for liquid end gas rate-of-flow 


bulletin describes SK's line of measurement. Capacity tables are 


Safeguard'’ Rotameters— included 
includes complete data on appli 
cation, construction, materials avail For a copy of Bulletin 18RG 
able, installation, and operation write to us at the address below 


© Schulte and Koerling 


COMPANY 
FA ss te 1G ENGINEERS 


2251 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 


jet Apparatus Rotdmeters & Flow hve i eat | ! ee me 
o Condensed ndicators Agk ed ‘ Appa hs tor Bulletin 17 A 








You Expect the Best 
and GET IT from 


STERLINE-ANGUS 


For Over Fifty Years the Leading 
Maker of High-Quality, Heavy-Duty, 
Direct-Writing Pen and Ink 
Recording Instruments 
AC, DC and Kva and Varmeters 

AC-DC Speed 

Ammeters Pressure 

Voltmeters Vacuun 

Wattmeters Operation 
Frequency Contact-Making Instruments 


Power Factor 


Ask for Catalog CC854A 





Product Representatives in Most Principal Cities 


The ESTERLINE-ANGUS Company, Inc. 


Pioneers in the Manufacture of Graphic instruments 
Dept. Al, P.O. Box 596, INDIANAPOLIS 6, INDIAWA 
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NOW! 


Flexible Kel-F. 
PRINTED 
CIRCUIT 
CABLES 


developed by 


Sanders Associates, Inc 





By means of an exclusive Sanders 
process, the versatile plastic Kel-F can 
now be laminated with copper in thin 
sheets to provide a flexible printed cir- 
cuit cable. This unique development 
introduces an entirely new concept 
in the fabrication of multi-conductor 
cables or wiring harnesses. Excellent 
electrical and mechanical properties are 
supplied for operation over a wide range 
of environmental conditions. The com- 
plete encapsulation of the conductors 
in Kel-F ensures maximum protection 
against moisture 
be included in che laminations for in- 


Glass cloth can also 


creased strength and high temperature 
stability. 


FEATURES 
Excellent dielectric strength 
High degree of flexibility 
Lighter, thinner then many cables 
Maximum environmental protection 
Adaptable to many connectors 
Multi-layer construction available 
Suitable for chassis harnesses 
Wiring errors are eliminated 


Easily mounted 


Write for engineering bulletin to Dept. C#I2 
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(144) ALL ABOUT AIR VALVES 
Mechanical Air Controls, Inc. Booklet 
30 pp. Written in casy-to-read, no 
technical languag th little w0kict 
dsicusses the development of air vah 
in recent years, 'and the design cont 
butions made by thi mmpany. Fntithe 





| f ‘at 

ty Sf 

26 
Ihe MAC Valve Stor it begins with 
a brief review of basic principles and a 
statement of the problems in olved 
Design of the form, structure, and action 
of the compact MAC valve is treated 
with equal clarity. This spread is from a 


section on the evolution of valving 


(145) A DESIGNER’S WHODUNT'I 
Servo ¢ orp of America Pocket book 
(limited edition 45 pp Murder in 
the Model Shop” is the most amusing 
piece ot literature that ha 
come to Written like 
thriller the 


engineering 
this desk to-date 
let 


1 contemporary tive 





booklet is an a 
and instrument problems were solved by 


ount of how servo system 


use of Servo Corp electromechanical 
assembly kit Details on the numerous 
applications and advantages of these kits 
follow the conclusion of the story. In 


cluded also is a description of the Servo 


scope system analyzer for measuring gain 
Ps phase, lead or lag in the subsonic fre 
quency range 

(146) REFERENCE DATA. American 
Machine & Foundry Co. Booklet, 20 pp 
This handy,  packet-su “Electronics 
Facts Handbook” is a collection of care 
fully selected reference data that should 
prove useful to peopl oneerned with 
government or industrial research and 
development activitic [ypical . among 


the subjects covered are navigation, guided 











Transmitter constantly 
converts DC mv from ther- 
mal converters, etc. to 10- 
30 cps which frequency 


Accurate 
HIGH-SPEED modulates an audio tone 
channel. Receiver detects 


. 
Continuous and demodulates trans- 


{ mitted signal, generating 
of a DC mv for opera- 
POWER tion of recorders or 


PRESSURE = indicating instruments. Up 
numipity ‘°° 45 telemeters can be 
multiplexed. Any com- 

POSITION = nunication link, including 
VOLTS power line carrier, may be 
SPEED, ETC. used. Overall accuracy is 


1%. with a response speed 
of i sec 

Other terminals for tel- 
etype, voice-plus-control & 
data transmission are 
available. 





I ; , , ’ 
Kado Frequency 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A 


model 
100 

_ decade 
interval 


CALIBRATED IN THOUSANDTHS OF A SEC 
OND WITH A MAXIMUM TIME INTERVAL OF 
it.1t SECONDS 

This new Model 100 Decade trterval Timer is ay 
plicable wherner an interval timer is required it 
is primarily designed for industrial control applica 
tions 

The Hunter Model 100 will meet your most exacting 
requirements for quality and performance Increase 
production improve quality whatever th 
job, the Hunter Model 100 will do it better 

Write for complete information and ask for a FREE 
catalog of other precision built Hunter electronic 
equipment 








| HONTER | 


MANUFACTURING COMPANY 
Inc. 
930 South Linn S+., Dept. C.E 








lowa City, iowa 








marred 1 














HLESSA industrial electronics, digital and 
inalog computers, AN nomenclature, and 
radar equipment. Last few pages relate 
some interesting facts about AM&F and 


a 


its facilities for development work Lhe 
inside back cover lists papers written 
by the electronics personnel 


(147) DIGITAL DESIGN Burrough 
Corp., Electroni Instruments Div 
Booklet, 16 pp. The art of using digita 
techniques for testing, information hand 
ling, and control is the subject of this 
interesting booklet. Entitled “Four Di 
mensions in Digital Design—Pulse ‘Tech 
niques for Modern Control’, the booklet 





basic enough to serve as an introductior 


to digital methods for those who wish 
to learn more about how to apply th 
ut to their work. A clever series of dic 
ut pages illustrates graphically how a 
single combination of pulse control unit 
can be rearranged in a number of way 
to perform coding, simulation, arithmeti 
problems, et 


1S 


148) HIGH VACUUM SYSTEMS 
Central Scientific Co, Bulletin 9, 24 pp 
Provides an excellent guide for the labora 
tory planning of high vacuum systems 
Prepared by experienc d technicians, th« 
booklet outlines in detail the correct 





procedures involved and what equipment 
should be used for various vacuum system 
installation It also contain hart how 
ing Capacity-pressure an 1 spec 
urve ror n ar i] vacuum pumy 
Photos of ivailable UT p long 
de scriptive material are also mcluded 





al 
OOD AVEN SWITCHES 


Have This Advanced 
S 









DAVEN's patented ‘‘Knee-Action’’ Rotor permits a 
greater number of switch positions and poles in a smaller 
space than was ever possible before 

This exclusive DAVEN feature, developed by DAVEN $ 
skilled engineering staff, is but one of the many contri 
butions which DAVEN has made to solve difficult switch 
problems 

Daven also supplies switches from thousands of 
standard units or will engineer @ special switch to meet 
your particular needs. 


For any and every switch problem, CALL ON DAVEN! 


540 West Mt. Pleasant Ave 
sae AVE: co Rt. 10, Livingston, N. J 


Write for FREE copy of DAVEN's new, 28 -page brochure on SWITCHES! 











NEw 
SOLENOID VALVE 
CATALOG 


Atkomatic's completely 
new engineering guide 
-.- Catalog 200-A 


Automatic flow control 
air, gas, steam, liquids Send for it! 


Solve YOUR flow control problems Atkomatic-ly 


Order from a.complete line of two-way solenoid 

valves fully illustrated and described in Atkomatic’s 
ew engineering catalog. Contains flow charts, coi! 
charts, dimensions, applications. For economical 


trouble-free operation depend on Atkomati 


© Built to your specifications © Rugged, dependable 

® individually tested * Bronze or stainless steel 

* Packless © Temperatures to 450 

® Tight closing © High and low pressures 
. 


* Low maintenance %” to 3” full port pipe size 


SEND TODAY FOR CATALOG 200-A 


Sfitomalic VALVE CO., INC. 


DEPT. 1-!|, 545 W. ABBOTT ST., INDIANAPOLIS, INDIANA 
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ABSTRACTS 


Papers from Stockholm 


Abstracts of selected 
sented at the Instruments and 
Measurements Conference  spon- 
sored by the Royal Institute of 

Technology, Valhallavagen, Stock- 

holm, Sept. 17-19, 1956. 

Dr, A. J. Young (Imperial Chemical 
Industries, London) starts off the ses 
sion on automatic process control with 
a review of the “progress of control 
development during the previous 30 
vears or so”, noting that progress in 
this field is much slower than the 
growth in the development and use 
of servomechanisms. The first part of 
Dr. Young’s paper treats the extent to 
which the main obstacles to contin 
ued growth have been removed. The 
remaining problems are not ones of 
lack of interest or lack of support, but 
rather are technical in nature. Future 
growth will be limited by a “still in 
adequate supply of economic, engi 
neering and chemical data, and from 
the present inability to assess the eco 
nomics of control system design.” 

Young discusses the trend toward 
use of the basic equations descnbing 
plant and process characteristics rather 
than the approximation method, and 
suggests ‘that the study of process eco- 
nomics, particularly from the control 
point of view, is really in its in 
fancy...’ He considers some of the 
possible changes that may be expected 
in application, particularly the “in- 
crease in the accuracy and speed of 
response of many types of measuring 
equipment.” 

W. F. Coxon (Electroflo Meters 
Ltd., London) presents aspects of the 
need for fundamental data, especially 
when converting a number of batch 
processes into a continuous process. 
He touches on these batch processes to 
illustrate the types of measurements 
and control problems that can arisé 

1. The mixing of definite amounts 
of raw materials in a blending tank; 

2. The flow of this blended material 
into a reactor for neutralization and 
ultimate separation of the product into 
two streams, (a) for purification, (b) 
tor distillation; 

3. The purification stage (a); 

4. The distillation stage (b) 

Che author stresses the importance 
of selecting the appropriate measured 
value for control, and to locate the 
measuring points as close as possible 
to the source of disturbance. The role 
of the process “operative” is not neg 
lected: Coxon emphasizes the impor- 
tance of graphic panels for ‘‘seeing”’ 
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the process, and the use of miniature 
recorders. a : 
During the computer session, J. L 
McPherson (U.S, Bureau of Cetisus, 
Washington) reviewed factors limiting 
the use of electronics computing equip 
ment. Says McPherson, in “Input and 
Output Problems in Mass Data Pix 
essing Applications of Electronic Cem 
puting Equipment”, “the speed w th 
which an electronic computer is caja 
ble of manipulating data can be pr: 
tically lost for such applications 
Census tabulation commercial 
bookkeeping processes unless the it 
put and output facilitic 
with the computer can provide infor 
mation for processing and take away 
the calculated results at speeds com-\ 
mensurate with the internal process- \ 


) 







and 


associatec 


ing speed,” \ 


| 
| 


Che relatively slow speeds of per 
forated tape and punched cards limit 
the computer, the author says, and 
“unless an electronic computer instal 
lation is equipped with magnetic tape 
or wire mechanisms it will not be 
capable of economically handling ‘of 
fice work’ kinds of application.” A key 
punch operator record about 
50,000 characters per day, while com 
puters read this at about 7,500 char 
per sec. “Thus, the work it 
takes a key punch operator a full day 
to record can be read by the computer 
in less than 10 seconds.” 

One way the author hopes to im 
prove the system’s speed in processing 


Can 


acters 


data for the next Census is to use 
losdic, developed by NBS. It “uses a 
flying spot scanning principle to ex 


amine microfilm copies of forms filled 
out by our enumerators and to trans 
late the intelligence recorded on the 
form directly to magnetic tape 

Output speed is somewhat better 
Printing machines operated from mag 
netic tape present data of 100 charac 
ters per line at rates of 500 to 1,000 
lines per minute. Sometimes the out 
put can be printed in a format which 
minimizes the need for the computer 
to edit results 

C.S. G. Phillips (Oxford University, 
London) reported on “Gas Chroma 
tography” during the session on phys 
ical methods for chemical analysis. H« 
emphasizes the peculiar advantages and 
limitations of the gas chromatographic 
method and describes the method 
itself. Briefly, ““The substances which 
are to be separated and analysed by gas 
chromatography are carried through 
the chromatographic column in the 
vapour state by means of a stream of 
such as nitrogen. Their 


in inert gas 





\ 
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separate times of emergence at the 
outlet of the column are recorded aut 
matically by means of vapour dete: 
tors. . The vapours are selective 

retarded in their passage through the 
column by fixed 
column liquid (gas-liquid chromatog 
raphy) or adsorption on to a_ solid 
adsorbent (gas-solid chromatography 

The record of the analysis ippears as a 
series Of peaks, each peak correspond 
ing to the emergence of a particulat 
substance which may be 
its emergence (retention) time and it 
quantity estimated from the size of 
the peak.” This analysis technique has 
found its greatest use in 
mixtures, such as petroleum hydro 
carbons, fatty acids, perfume material 

etc. The author hopes that in the nea 
future chromatography will become as 
useful in identification as 
tive index and melting point 


(absorption in) a 


identified by 


yn plicated 
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Papers from Heidelberg 


Abstracts from papers delivere’ at 
the VDI/VDE Conference, “Mod 
era Theories in Control Engineer 
ing, and Their Usefulness,” held at 
Heidelberg, Sept. 25-29, 1956. 


Block-and Structure 
Network Analvsis, | 
Frankfurt. 


‘Block diagrams th 
cuit clements of a given control cit 
cuit; “structure diagrams’’ represent 
the describing system of equations by 
means of certain symbols; they are d 
rived from the block diagram. | 
planations of these symbols includ 
nonlinear conditions. Rules are given 
for the transformation of the actual ci 
cuit into the “structure diagram”. Thi 
usefulness of this kind of diagram i 
discussed with reference the fre 
quency response method, to successiv« 
integration, and to the treatment of a 
problem by means of the analog com 
puter. Thus “structure diagrams” ar 
means for the representation of circuit 
in general and particularly of contro! 
ystems of any kind 


Diagrams for 


Krochmann 


how ictual cir 


to 


I'he Effect of Measuring Lags on 
Process Control Dynamics, D. W 
Pessen and FE. F. Hochschild, Min 


neapolis, Minn 


A relatively small lag in an individ 
ual component of a control loop, such 


as the measuring system, may often 
have a greater influence on the dy 
namic response of this loop than 
would be expected. The paper ilhus 








trate irl methods of investigat 
ng this problem, among them: phas« 
versus frequency plots, root loci, fr 
quency response plots on the Nichol 
chart,‘and finally, the use of analog 
computers. A general view of th 
effect of measuring lags in propor 
tronal-action controllers is obtained bi 
calculating and analyzing a number of 
vstematically chosen exampl 

On the Synthesis of Sampled-Data 

Systems for Open and Closed Loop 

Control, J. S. Cypkin, Moscow 


Ihe unpled-<lata systems consid 
ed include: discontinuous control 

tems for technological applications 
imple-data servomechanisms for the 
transmission of impulses and for us¢ 
in radar systems, and control system 
incorporating digital computers con 
trol components. ‘The relation b 
tween the transfer function, the fr 
quency and time characteristics of the 
sampled-data system, and the discon 
tinuou ection on which the syn 
thesis is based is indicated 


Stability Problems Encountered 
with the Application of Fast Pneu 
matic Control Components, H 


Kaltenecker, Karlsruke, Germany 


Only fast control components a 
used in the pneumatic field toda 
lherefore imilar time clements mat 
be present im large number Lh 


danger of instability in a control loop 
increases with the number of its corm 
ponent ind with the growing tend 
ency of the time constants to becom 
equal Iheretfore, it must be tried to 
reduce the overall gain by means of a 
floating (not 


iction of the transducer 


constant) proportional 


Self-Optimizing Systems, bk. G. ¢ 
Burt, Farnborough, England 


Ihe design of automatic control 

tems is usually influenced by thx 
imount of noise associated with thi 
true input. When signal and noise ar 
tationary time eries, the ystem 
which minimizes the mean square ¢1 
ror can be determined using the meth 
xis of Wiener and other 

If the signal or noise spectral densi 
tics change with time, the form of 
the optimal system also varies. If 
however, the fluctuations occur in the 
mean value, it is only necessary to ad 
just the system parameters for optim 
state. In self-optimizing systems thi 
is carried out automatically. To « 
tablish optimal conditions, some mea 
ure of the deviation from the optimum 

required, and this is found by con 
idering the error spectral density. An 
example of such a svstem is given and 
its stability discussed 


i CS 
A 
~~ 
> 


«¥ miniature solenoids... 


ALL SOLENOIDS 
SHOWN ACTUAL SIZE 


Completely tested 


Proven reliable 


Vd 
° ° @ Mounting furnished to 
0 | 0 S ‘ meet your requirements 
see 


HUNDREDS OF OTHER 
DESIGNS for both AC 


- | and DC application 
In Small Space: Dash or pull eabtete 


THE TRADEMARK 
pw MILE ak) 


ors os 


233 W. 116th PLACE «+ DIVISION 121 





200 Ibs. force 


Send your specifications 
today 


WEST COAST 
ELECTRICAL MFG. CORP. 





* LOS ANGELES 61, CALIFORNIA + PLymouth 5-1138 


DECEMBER 1956 167 








NEW BOOKS 


Automation, German View 


Au?romMation, Mareriarien Zur 
BeurtTeiLuNG Iurer OxrKkonomis 
CHEN Unb Soziacen Foucen. Fried 
rich Pollock, 318 pp. Published by 
Europaeische Verlagsanstalt GmbH, 
Frankfurt am Main, Germany. 
One may strongly disagree with the 
author as far as his conclusions are 
concerned, but it must be admitted 
that his book is a deep-searching, re- 
sponsible one that treats the socio- 
economic problems of automation 
more thoroughly than any other book 
since Norbert Wiener’s. 

It is divided into two parts. ‘The 
first part deals with the “History and 
the Doenatiod and Social Problems 
of Automation Until the End of 
1954”. It contains most of the aspects 
of automation that the author is out to 
investigate. ‘The second part, “Report 
on the Development of Automation 
During 1955”, contains material that 
corroborates statements made in the 
first part. Some new thoughts are in- 
cluded. 

Pollock essentially is making an 
analysis of the economic situation with 
respect to automation in the U.S., 
where automation already has taken 
effect and is more widely publicized 
than in any other country. From this 
int of departure, extrapolations can 
»¢ made into the future and conclu 
sions of general validity can be drawn, 

Unemployment caused by automa- 
tion is the central theme of investiga- 
tion. Unemployment has become a 
much more explosive factor in our 
age than in any other, “As soon as un 
employment rises in one of today’s 
industrialized countries and exceeds a 
magnitude which is considered toler- 
able, intervention by the government 
becomes necessary unless it wants to 
endanger society itself” (page 49). 

He discusses at length the article 
which Peter F, Drucker published in 
Harper's Magazine in March 1955 un- 
der the title “America’s Next Twenty 
Years; I, The Coming Labor Short- 
age’. Pollock refutes Drucker on vari 
ous grounds and concludes that in 
reality we are menaced with large 
technological unemplovment. 

His statistics show that during the 
first half of this century (a) productiv- 
ity per hour of labor doubled, (b) 
technological unemployment in many 
sectors resulted, (c) no structural un- 
employment was noticeable-—in fact, 
between 1900 and 1953 the number 
employed in industry increased three 
times. 

He seems to be rather hard put to 
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show the great menace of unemploy 
ment in spite of these data, although 
his arguments are forceful. The high 
employment today is largely due to 
defense industries. On the basis of 
statistical considerations he arrives at 
an estimate of 10 million unemployed 
in 1964 in an economy without de 
fense orders. 

He quotes B. Ff. Fairless, board 
chairman of U. S. Steel, who states 
that the U.S. population increased by 
22 percent between 1939 and 1953 
but that the number of employed in 
creased by 35 percent. Several reasons 
then are given why the period 1939 
1953 should not have been used and 
why a comparison between 1946 and 
1955 is more adequate. ‘The increase 
in the number of employed (14.5 per 
cent) in the latter period actually was 
slower than the increase in the popula 
tion (17 percent). 

Besides unemployment, there are 
two other main factors that concern 
the author, namely, the changes in 
the social structure and the effect of 
automation on small business. 

He recognizes the leading part of 
engineers and the “hierarchy of man- 
agers that will determine the direction 
of enterprises” in automation. For all 
these, work will be interesting. For 
the rest, production will be Codes, 
The skilled worker will lose out. “The 
danger exists that in view of the de- 
creasing chances to utilize a better 
education in gainful employment, the 
stimulus to make the necessary per- 
sonal and financial efforts will become 
weaker” (page 103). 

The danger which automation spells 
for smaller enterprises is caused by 

P increased self-financing (small 

business has not enough capital) 

P advantages of automation for the 

decentralization of large entet 
prises while keeping centralized 
contro] 

P the even greater stress on mass 

production 

P the competition for engineering 

talent in which the larger com 
panies offer greater fringe benefits 
and professionally more stimulat 
ing working conditions (??) 

He refutes those who believe that 
the gradual development of automa 
tion will allow an adjustment with 
minimum disturbance. The average 

> 
percent between 1930 and 1945. It 
increased to 4 percent in 1954, These 


and other data should “make those re 


flect who expect a gradual introduc 
tion of automation as a guarantee that 


numerically hardly 


it will not lead to abnormally large 
technological unemployment” (page 
77). The year 1955 accelerated th« 
development toward automation (even 
Russia created a new Ministry of Auto 
inatization). “The automatic produc 
tion in U. S. gained probably more 
ground in 1955 than it did in the pre 
ceding five years’’ (page 159 

Some remedies are discussed, such 
as reduction of working hours with 
out reduction in pay (the four-day 
veck), public works, guaranteed em 
ployment plan, and increased unem 
ployment insurance. A development 
toward a government-controlled capi 
talism appears to be unavoidable 

Pollock states that if the d clop 
ment of the second industrial revolu 
tion is left to a “fre play of forces 
moderated mercly by 
and palliative 


improvisation 
s, then destructive tend 
encies may develop to which no 
free society could offer resistance 

(pages 89-90). He stress the basi 
fact that in principle only 
economy Can solve ration il] the prob 
lems which arise because of automa 
tion” ( page 289), since “th employ 
ment capacity of the American labo 
market depends to a large, though 
determinable ex 


1 planned 


tent on the continuation, if not ex 
pansion of publi 
66-67 


expense { pages 
W .G. Holzbock 
Evanston, II] 


Automati~», British View 


AutoMat:. t: A Report ON THI 
TECHNICAL TRENDS AND THEIR IM 
PACT ON MANACEMENT AND LA 
nour, issued by the Department of 
Scientific € Industrial Research 
106 pp. Published by H. M. Station 
ary Office, York House, Kingsway, 
London, W.C. 2, England. 6 shill 
ings, 4.5 pence 
This report was compiled by DSIR 
after “a study by its Intelligence Div 
which is responsible for forward think 
ing on scientific and industrial prob 
lems. The object is to put automation 
in perspective aud to give some idea 
of its probable future impact on in 
dustry. . . . It is emphasized that this 
report is not a statement of policy. Its 
object is to provide a basis for serious 
thought and discussion. . . . It deals 
with technical, economic, and social 
aspects of automation’”’ under six chap 
ter headings: “Automation in Per- 
spective”, “The Technical Trends’, 
“The Extent and Rate of Develop- 
ment”, “The Impact on Manage 











The Jet Propulsion Labora 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains, Covering an 80 
acre area and employing 
1600 people, it is close to 
attractive residential areas 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in hast re 
search under contract with 
the U.S. Government 


Opportunities open to quali 
hed engineers of I S. citizen 
ship. Inquiries now invited 











IMPORTANT DEVELOPMENTS AT JPL 





Pioneers in Electronic Research 


Electronic research at the Jet Propulsion 
Laboratory covers many areas of interest to 
engineers working on problems of missile 
guidance and control. One of these is fre 
quency and time standards—a prime requi 
site in Missile System Engineering 

The familiar crystal oscillator and similar 
timing sources have been exploited to the 
limits of their applicability. Looking to the 
future, our Electronics Research group is 
keeping abreast of developments in atomic 
and molecular resonance devices. 

One such device under advanced develop 
ment at the Laboratory is known as MASER 
(Micro Wave Amplification by Stimulated 
Emission of Radiation) invented by Prof 
C. H. Townes of Columbia University. In 
MASER a beam of ammonia molecules is 


separated into energetic and non-energeti 
parts by an electrostatic field. The energetic 
molecules then enter a microwave cavity 
and sustain an oscillation by giving up their 
energy to the microwave field. The frequency 
of oscillation is determined principally by 
those properties of the molecules which are 
independent of environment 

MASER is one of the most stable sources 
of oscillations and is therefore a prime source 
reference for frequency and timing informa 
tion. This device will have many applications 
in future missile design and is one of many 
challenging research projects in electronics 
in which the Laboratory is engaged 

If you are interested in an exceptional re 
search opportunity and are qualified to do 
truly creative work in this field, write us today 
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ment’, “The Impact on Labour’, and 
Conclusions”. 

The first chapter comments on the 
merger of developments involving 
transfer devices and improved mechan 
ical handling, process automatic con 
trol, and electronic digital comput 
iml on their applications to industrial 
ind commercial problems to yield near 
“automatic factories 

The second chapter deals with 
trends in automatic machining, prov 
ess control, and processing of datd th 
digital computers, and the next cx 
imines the extent and rate of develop 
ment of automation, and notes th 
rapid development of output pel Cap 
ita in Britain and the U. S., the r 
pective roles of large and small firms 
the industries most likely to be af 
fected, and the social impact of auto 
mation on workers 

Continuing to stress impact, th 
report examines in the fourth chapter 
production problems of increased 
complexity and integration of ma 
chines, capital increases, aspects of 
inaintenance, the increased role of the 
engineer in management, and various 
industrial training schemes. The fifth 
chapter considers the impact of auto 
ination on labor, chiefly through a de 
tailed examination of the effects on a 
teel strip mill and the labor aspect: 
of a projected automization of textil 
mills anc chemical processing 

The final chapter draws conclusions 
from the discussion and points out 
the uncertainty of current knowledge 
of the economic and social aspects of 
automation as compared to knowledge 
of the technical potentialities. “No one 
yet knows enough about automation to 
be dogmatic,” the declares; 
“much research and exchange of infor 
mation is [yet] required,” 

Vhomas |. Higgins 
Vadison, Wis 


report 


Automation, U. S. View 


Man ano Avuromarion. Charles 
R. Walker, president of The Soci 
ety for Applied Anthropology, and 
16 speakers and panelists from in- 
dustry and education 117 pp 
Published by The -Technology Proj 
ect, Yale University New Haven, 
Conn., 1956. Single copy, $2.00 
Symposiums on the effects of auto 
mation on workers, industry, and the 
world have become so rife with “old 
hat” ideas lately that those who 
attend them cannot be blamed for 
dragging their feet into the audito 
rium under an uncomfortable resolve 
to stick it out until the last speaker 
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has turned the last page of his cliche 
filled manuscript Attendance is 
often looked upon as a duty, not a 
pleasure; an endurance test, not an 
uitellectual excursion; and misgivings 
ire seklom unjustified. So it 1s eas 
to understand why such a conference 
as was sponsored by The Socicty fo 
Applied Anthropology at Yale last 
December is reckoned a real discovery 
Whether or not a fresh breeze was 
blowing that day we don't know 
but the speakers brought out more 
new slants on something going stalk 
than can usually be expected from a 
dozen symposiums together 

Some of the points put forth ar 
controversial, but that is as it should 
b Even in run-of-the-mill sessions 
on automation, there is a_ certain 
amount of controversy, although the 
cnd result in most cases is a series of 
academic spats. Here the controversy 
is tangible. Steered by Society Presi 
dent Charles R. Walker and Yale 
University’s Arthur N. Turner, the 
speakers deal with problems of transi- 
tion faced by workers and manage 
ment, proble ms inherent in collective 
bargaining contracts, problems pre 
sented by the “short-range’”’ view of 
automation, problems to be faced by 
the government as an employer, etc. 

One thing that has not been heard 
very often in this country, although 
Great Britain had a good share of it 
during her “automation strike’, is 
pinpointed by Walker, who joined 
Robert Griffith, a steel mill super 
visor, in drawing up “A Case History 
of a Steel Mill’. In the words of 
a steel worker quoted by Walker, it 
is this: “I recognize that the com 
pany has to put out a lot of produc 
tion to get back the money on this 
investment, but the general feeling 
among the men is that the company 
is getting a lot more out of the 
production than the men are sharing.” 


No work, no effort 


Perhaps this is so because the 
cniployees see something that Turner, 
in an excellent and stimulating sum 
mary of the conference, seems to 
have missed. Talking of the steel 
workers observed by Walker, he says. 
“For several months they disliked 
having to be constantly on the alert 
in case something went wrong. Ever: 
tually, however, they expressed con 
siderable satisfaction with their jobs 
and pride at having learned to control 
the equipment and operate it success 
fully.” But he adds, “Furthermore 
if the mill had been completely auto 
mated, the constant watching might 





not have been necessary or could have 
been performed by automatic scan 


ning and control device instead of 
by men.” 

Were one of these asked 
to give an opinion on all this, he'd 
probably say that ‘Turner's thought 
was unfinished. What would happen 
to him, he’d ask, if the mill were 
completely automated and the con 
stant watching were no longer neces 
sary? Sociological studies are fine 
the worker would say, just as long 
is there is something around to stud) 


worker 


lurner uses some material not 
presented at the conference to intro 
duce the papers that follow his sum 


marv. Included in this material ar 
Leisure and Work Fusion or 
Polarity?” by David Reisman and 


(University of 


Warner Bloomberg | 


Chicago), and Thinking Ahead 
Some Effects of Automation” by J. R 


Bright (Harvard Busine Review ) 
he observations quoted from these 
articles make sharp contrast Say 
Reisman and Bloomberg: ‘“‘Increas¢ 
ingly the 
engaged in communicating with cach 
other concerning what the equipment 
is doing and maintaining the prope 
relationships between intricately co 
ordinated machines. Work become 
more abstract, more complex, mor 
intellectual.”” But, says Bright: Som« 
times “there is nothing for the worke: 
to do but ‘push a button’ or ‘monitor 
the machinery. In two plants man 
igement advised that one of its major 
mistakes had been to over-estimate 
the technical requirements of certain 
jobs 


production employees ar 


“Forced” automation 


What of management itself? Many 
of the conference speakers deal with 
this factor of automation exclusively 
and in doing so make some interesting 
observations. One of them is that 
some companies have “‘automated” be 
cause they've been forced to—not 
forced by the competition or by the 
necessity to produce more goods, but 
forced by (steel mills take note) 
manpower shortages. Of course this 
problem has its roots, not in mills 
but in white-collar offices, where th« 
turnover among women employec 
is high, but that does not detract 
from its fascination. And whethe: 
or not women are responsible for 
most of the turnover in clerical offices 
Kenneth G, Van Auken Jr. of the 
Bureau of Labor Statistics, one of 
the speakers, believes they will feel 
the effects of automation more than 
any other class of worker 














for the most part management 
has a healthy and far from insidious 
eye on the problems It believe: 
says Turner, that as the technology 
becomes more and more complex, 1t 
will become more and more necessary 
that operators of plant and office 
machinery know what their equip 
ment does whether they need th« 
knowledge on the job or not. And 
management is not lacking in honest 
self-appraisal either It has been 
known to admit, says Floyd C. Mann 
of the University of Michigan’s Sur 
vey Research Center, that it has had 
intiquated paperwork routines around 


for a long, long time, and only began 
thinking about changes when the 
advent of a computer made changes 
necessary In fact, Mann declares, 
“Many of the economies which a 
company the introduction of ele 
tronic equipment could be achieved 
without the equipment, if the sam« 
original thinking had been applied 
to existing operations . 

Because unions have protested so 
loud and so long against automation 
little said today about the contribution 
they make to the complexity of the 
problem has not been said before 
Aware of this, the conference takes 
particular pains here, with the result 
that the subject is brought into clear 
(albeit uncomfortable) focus. Ob 
serves Ted F. Silvey of the National 
AFL-CIO Headquarters Staff in trac 
ing the history of collective bargaining 
in a Des Moines bacon-packing plant 
“The officer of the local union ther 
told me that in the 1955 negotiation 
they ‘bargained out’ more job descrip 
tions and job classifications than du 
ing the total period of collective 
bargaining between the union and 
the company, which was 15 years . . 
the people doing the climinated job 
continue to receive the same rate of 
wages they had previously received 
for the manaul operation—the union 
contract requires this—and many of 
these jobs became what is known a 
red-circle jobs. But the rate for new 
people is reduced because the r 
quirement 1s less.” 


Stronger bargaining power 


Does reduction of the labor for 
compromise unions’ ability to bargain 
because their membership has been 
reduced? ‘Turner does not think so 
and his reason is good and _ solid 
(‘his reduction, he says, will actually 
strengthen unions’ bargaining power, 
because “the cost to- management 
of a work stoppage will increase with 
every investment in labor-saving 
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Experience; 0 to 5 years experience in control and 
ystems analysis. Nuclear background desirable but not 


necessary 


Duties; Analysis of reactor instrumentation and control 
systems, using digital and analog computer 


Write today. Action will be prompt, confidentia 
Qe ATOMICS 
| Al /) INTERNATIONAL 
Mr. G. W tanta ces ames wey on : 


21600 Vanowen St., Canoga Park, California 


In Suburban San Fernando Valiey, Los Angele 
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NEW BOOKS 


equipment. As direct labor becomes 
less important as a cost, its bargaining 
power may increase,” 

Two striking thoughts on “produc 
tivity” are offered, one by H. F. 
Kneen of the Safety Car Heating & 
Lighting Co., and the other by Mark 
W. Leiserson, a Yale economist. 
Says Kneen: “I think the govern 
ment could profitably do more re- 
search on reorganizing for less waste 
in government. When we are faced 
with need for more productive help 
(and I’m sure we will be) we might 
eliminate some from the government 
ind put it to work where it would 
be creating wealth, rather than spend- 
ing it.” Leiserson believes a company 
cannot budget itself for the new 
technology the way it budgeted for 
other changes, cannot count on the 
“costs of adjustment” being the same, 
because automation has forced new 
considerations, new values, especially 
personal values. How much would 
a man Salaried by an automated plant 
or office think he has to “give” in 
the way of education, experience, etc., 
to his employer? “Many of the costs 
of adjustment,” Leiserson says, “may 


of any particular firm . . . we must be 
wary of restricting our view-assessing 
costs and calculating productiveness 
according to the extent to which in 
dividual and corporate claims and 
liabilities are recognized by the cur- 


rent legal. and institutional frame 
work.” 
A bright, but debatable, note in 


all this talk about automation is in 
jected by Silvey, who says that when 
the predictions of some sociologists 
come true and people have more 
time for eieiens because their 
work-week has been cut, they “will 
tend to make living the purpose of 
life”; that is, “they will be relieved 
from that acquisitiveness which drives 
them to obtain personal property be- 
yond all sensible human needs.” 
And yet no one (including Silvey, 
evidently) has been able to suggest 
a solution to this nation’s marching 
spectatordom. Until that is licked, 
until TV values, which definitely in 
clude “acquisitiveness beyond all sen 
sible human needs’, are somehow 
changed, the average age will con 
tinue to oppose making living the 
purpose of his life. 








not appear directly in the accounts Warren Kaves 
WORRIED ABOUT SIMPLYTROL Pyeomerees 
PRECISION PIVOTS? 





The protograph 
er's nightmare at the 
left consists of a lump of 

sugar and four VK Preeision 
Parts, The ‘eyes’ are 080" long 


Call WK 


Steel, chromium plated, or carbide 
precision pivots to .013” diameter. 
1 RMS or finer surface finish. Di 
ameter 0000 10", 
Chamfers, lapped ends, etc 





tolerances to 
radii, 


Submit your specifications 
THE 
VAN KEUREN COMPANY 


176-B WALTHAM STREET 
WATERTOWN, MASS 



















For Control of Temperature 


10 standard 
ranges from 
~200° to 

+ 3000° F. 
Accuracy 2% 
(limit of cali 
bration error). 


Sensitivity 
4 ohms per 
millivolt 


Cot. No. 4535, size 10” x 6” x 7” 

Range 0/1000°F, 0/500°C. $135.00 
Thermocoupie-type automatic pyrometer for con- 
trolling temperature in furnaces or ovens and 
manufacturing processes, Leads between Simply- 
trol and its thermocouple sensing element may be 
up to 100 feet or more depending on temperature 
range and lead wire resistance. Load relay, 5 am- 
peres S.P.D.T. Optional heavy duty relays to 40 A. 
Either AUTOMATIC control or LIMIT shutoff. An 
automatic Simplytro!l turns heat on and off to 
hold required temperature. Proportioning effect 
can be increased or decreased by changing com 
on the sensing cycle, With shorter cycles, control 





| more nearly approaches straight line. A limit 





| Simplytrol locks up when the trip point is reached 


and remains locked until reset. Use limit Simply- 
trols for monitoring and safety shutoff or alarm, 
Cabinet model for wall ae 

mounting or por'able 
shown above. To the 
right is an MFP Simpty- 
trol for flush mounting in 
o cabinet or control pon- 
el, Several other mount- 
ings ore shown in Cata- 
log 4-A. Send for your 
copy. Assembly Proc 
vets, Inc., Chesterlana 22, Ohio. Phone (Cleve- 
land, O.) HAmilton 3-4436, (West Coast: Desert 
Hot Springs Calif, Phone 4-3133 or 4-2453). 





Cet 
size 5” « S'A” x 8” deep 
Range 0/1500°F 
0/800°C. $127.00 


No, 4532-MFP, 


Third International 


anean MEETINGS 


WHAT'S 


NOVEMBER 


Automation Ex- 
position and Computer Clinic, 
Trade Show Building, New York 

Nov. 26-30 

American Society of Mechanical En- 
gineers, Annual Meeting, National 
Exposition of Power and Mechani 
cal Engineering, Hotels Statler and 
McAlpin, and the Coliseum, New 
York Nov 26 30 


DECEMBER 


Institute of Radio Engineers, Second 
Instrumentation Conference, (nu 
clear instrumentation--industrial ap 
plications, missile and wind-tunnel 
instrumentation), Biltmore Hotel, 
Atlanta, Ga. Dec. 5-7 

Eastern Joint Computer Conference, 
Institute of Radio Engineers, Amer 
ican Institute of Electrical Engi 
neers, Association for Computing 
Machinery, Theme: “New Develop 
ments in Computers’, Hotel New 
Yorker, New York Dec. 10-12 

Radio-Electronics-Television Manufac- 
turers Association, Symposium on 
Applied Reliability, Bovard Hall, 
Unwersity of Southern California, 
Los Angeles Dec. 19-20 


JANUARY 


American Institute of Electrical En- 
gineers and Institute of Radio En- 
gincers, Symposium on Reliability 
and Quality Control, Hotel Statler, 
Washington, D. C Jan. 14-15 

American Institute of Electrical Engi- 
neers, Winter (General Meeting, 
Hotel Statler, New York Jan ; 


21-25 


FEBRUARY 


Instrument Society of America, New 
York Section, Midwinter Confer 
ence (Aircraft Instrumentation), 
Garden City Hotel, Garden City 
Long Island, N. Y. Feb. 7 

Western Joint Computer Conference, 
Hotel Statler, Los Angele: 

Feb. 26-28 


MARCH 


American Society of Mechanical En- 
gineers, Nuclear Congress, Conven 
tion Hall, Philadelphia 

March 10-16 

Institute of Radio Engineers, 1957 
National Convention and Exhibi- 
tion, N. Y. Coliseum and Hotel 
Waldorf-Astoria, New York 

March 18-2] 
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IMP NT OPPORTUNITIES 
EMPLOYME) mh 
The Advertisements in this section include all employment opportunities —executive, management, technical, selling, office, skilled, manual, etc. 
Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Oftered Labor Bureaus 
NATIONAL DISPLAYED — UNDISPLAYED 
The advertising rate is $17.80 per inch for all advertising ap $1.80 per line, minimum 3 tines. To figure advance payment 
pearing on other than « contract basis. Contract rates quoted count 5 average words as a line 
COVERAGE m request Positions Wanted.-The rate | ' alf of the above, payable 
in advance 
An advertising inch is measured %” vertically on « column-—5 Box Numbers—counts as ! lina. 
columns-—80 inches to a page. Discount of 10% if full payment is made in advance for 4 con 
secutive neertions 
Subject to Agency Commission Not subject to Ageney Comn 
’ Send NEW ADS or inquiries to Classified Advertising Division of CONTROL ENGINEERING, P.O. Box 12, N. Y, 36, N.Y. Jonvory issue closes Nov. 27th 














INSTRUMENTATION 
ENGINEERS 


Expanded research and develop- 
ment activity in the general area of Li 
automatic control of steel industry 
processes, has created these 
openings. 





Analog Computor Specialist 

to organize and direct work on 
analysis of automatic process con- 
trol systems by stimulatior tech- 
niques. Extensive training and ex- 
perience in analog computor appli- 


cations required. Bendix” 


Commercial Creviden AEPIEE! Cppestentttes fer 
Instrumentation Engineer sii ata 
to head up group concerned with 
exploration and evaluation of plant 
instrumentation projects. Broad 
experience in plant instrumenta- 
tion and control work desired. 











In South Bend, hundreds of professional people 
hove found a community adequately sotisfying 
for a highly educated way of life. Notre Dome 
ts on excellent center for technice!, graduvote 
study, os well as affording culture! opportunities 


immediate openings ovallable in research, design, 
test and deve! ft; 
Electronics Engineers, ‘ ‘ewes 
Electro-Mechanica!l Design 
Physicists Magnetic Amplifiers 
° es . . WNucleor Control Applicetion 
with training and interest in aaGheaie 
measurement and control, servo AIRCRAFT JET FUEL SYSTEMS de Servo-Mechonisms 
° ° . Systems Evolvetion 
systems or circuit design. leesnodeuiios 
Work will be carried out in our Tronsistori zation 


" . Vibration Ano! ysis 
modern laboratories in suburban 


Pittsburgh. Excellent opportunity POD 8 es 
for professional advancement in a Heat Tronster 


. Stress Anal ysi 
long-established, growing industry. AIRCRAFT LANDING GEAR comet hae. 


Systems ond Component Design or 


Send resume, in confidence, to Testing 
J. A. Hill 
Research and Development Dept. Conventions! Gratns 


Jones & Laughlin 


STEEL CORPORATION 
3 Gateway Center 
Pittsburgh 30, Pa. STEEL 


Hydraulic Systems 
AUTOMOTIVE COMPONENTS Mechanical Design ona Test 
Power Brake Research 
Power Steering 
If you ore interested in any of these engineering 


projects, send o summary of educetion ond ex - 
perience to: 








Technical Employment, 








THIS EMPLOYMENT OPPORTUNITIES SEC- 
TION offers a quick, effective solution to 
your manpower problems. Because its 
readership is confined to just the type of 
men you need, waste circulation is 
avoided 











Depeortment 5-8, 

BENDIX PRODUCTS DIVISION OF 
BENDIX AVIATION CORPCRATION 
| Bendix Drive 

Sevth Bend, indione 
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EMPLOYMENT OPPORTUNITIES 





AN UP-TO-EARTH VIEW OF THE FUTURE IN 
SERVO CONTROLS AND INSTRUMENTATION 


The Martin launching vehicle of the first man-made Earth 
satellite will be the opening gun of a new and endless age 
of exploration into space. 

There are many exciting new opportunities at Martin in 
the fields of servo controls development and instrumenta- 
tion engineering. 

If you are doing some down-to-earth thinking on this 
fabulous future you’d do well to contact J. M. Hollyday, 
Dept. CE-12, The Glenn L. Martin Company, Baltimore 3, 


Maryland. 





I ed 
M4 CA FEW 2 Pa 


a A G4 Tl rst Qa Se, & 
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SOFSSSSSSSSSSSSSSSHSHOSSSOSSHSOSSSHOHDHSSOHOSOSSOOOOS 


SOSSSSSSSSSSSOSOSOSSSOSOOOSD 


ENGINEERS 
AND 


SCIENTISTS 





Honeywell 


BROWN *NGETRUMENTS 


— p 
Fist ne (orl 


LEADS THE WAY IN 
A WORLD OF 
OPPORTUNITIES 





Non-rovtine assignments which de 
mand the best of your talent and 
creativeness 
benefits unlimited advancement 
opportunities in a field which is still 
in its infancy, and which 
excitingly different challenges in 
NUCLEAR INSTRUMENTATION and 
AUTOMATION 
reasons why 
leads the way in a world of oppor 
tunities 


top salaries and 


offers 


are some of the 


Brow: Instruments 


Engineers and Scientists with de 
grees in E.E., M.E., ChE 
whose insatiable appetite for more 


or Physics, 


creative and challenging assignments 
has not been satisfied, would do 
well to investigate the opportunities 
which exist in the field of 


RESEARCH 

DESIGN and DEVELOPMENT 
APPLICATION 

SYSTEMS ENGINEERING 


if you would like to join our 
pioneer company which has con- 
sistently shown the way in the 
industrial instrumentation and con- 
troi field, write to— 

mit 


D. R. GARVEY 
Manager Employment 
lioneywell 


BROWN INSTRUMENTS DIVISION 


Wayne & Windrim Aves 


Philadelphia 44, Pa 




















EMPLOYMENT OPPORTUNITIES 


Tranboac— miniature computer... 





A . 
Miniature printed circuit cards, 
heart of the Transac Computer, 
contain all the elements for 
arithmetic and control functions. 
TRANSAC-trademark of Philco Corpora 
for Transistor Automatic Computer 
) f 





PERFORMS COMPLEX FLIGHT CONTROL INSTRUCTIONS 


..» EVERY 30TH OF A SECOND! 


Now a high speed airborne computer ponents of ordinary 
that slips like a desk drawer into the Philco is proud 

nose of a supersonic Navy jet fighter ng standards of the 
and processes digital data derived from Aeronautics. Industry 
analog information i” plit econd: the TRANSAC® 


TRANSAC 


a completely transistor high spec i f 
ized control system — eliminates vacuum ties make phen 
tubes liodes and other ulky com fo Dpusines plann j 

At Philco, opportunities are unlimited in electroni 


and mechanical research and engineeriy 


LC © . . Creative Engineering for a better way 


GOVERNMENT AND INDUSTRIAL DIVISION + PHILADELPHIA 44, PENNSYLVANIA 


of life 
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This coupon mailed TODAY 
























































...may bring you 


a brighter TOMORROW! 


There just isn't any question about it — 
the trained engineer of today has more 
opportunity than ever before. 

However, and this is vitally important, 
the possibility for individual progress is 
for greater in certain organizations than 
in others, That's why every engineer 
concerned with his future should look into 
the job opportunities offered in the guided 
missile field, 

Here at Bendix Products Division— 
Missiles, you can get in on the ground 
floor of a new, but proven, dynamic 
business with long-term potentials in the 
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development, engineering and 
turing of the nation’s most important 
weapons system. It is truly the business of 
the future with many commercial as well as 
military applications. 

Then, too, at Bendix Products Division — 
Missiles, you have all the advancement 
possibilities of a compact, hard-hitting 
organization backed by the resources of 
the entire nation-wide Bendix 
Corporation. 


manufac- 


Aviation 


So that you may analyze for yourself 
the various job opportunities and the 
possibilities of rapid advancement, we 
hove prepored a thirty-six-page book 
which gives detailed background of the 
functions of the various engineering groups. 

Any ambitious engineer looks forward to 
a brighter tomorrow. May we suggest 
that the first step toward this goal is the 
mailing of the coupon for your copy of 
“Your Future in Guided Missiles”. 


Prime Contractor for 
TALOS MISSILE 


















FOR RATES OR 


INFORMATION 


About Classified 
Advertising 


Cried 


Th « Wie 


Graw -. Lill 


Nice Veavest You 


ATLANTA, 3 


1321 Rhodes-Haverty Bidg. 


BOSTON, 16 


R. POWELL 


WAlnut 5778 





350 Park Square 


H. J 
CHICAGO, 11 


HUbbard 2-7160 
SWEGER 





520 No. Michigan Ave. 


MOhawk 4-5800 


W. HIGGENS 


1825 Yorkt 


J BRENNAN 


CINCINNATI, 37 


own Rd. 
REdwood 1-3238 


G. W. MILLER 


CLEVELAND, .15 
1510 Hanna Bidg. 


SUperior 1-7000 


W. SULLIVAN 


DALLAS, 2 


Adolphus Tower, Main & 
Akard Sts. 


G 
DETROIT, 26 


Riverside 7-5064 
JONES 


856 Penobscot Bidg. 
WOodward 2-1793 


w. 


LOS ANGELES, 


STONE 
17 


1125 W. 6th St. 


MAdison 6-9351 


G. FRUHLING 
D. McMILLAN 


NEW YORK, 36 
330 West 42 St. 


LOngacre 4-3000 


R. LAWLESS 
5S. HENRY 
D. COSTER 


R. HATHAWAY 


PHILADELPHIA, 


3 


17th & Sansom St. 


Rittenhouse 6-0670 


E. MINGLE 
H, BOZARTH 
ST. LOUIS, 8 
3615 Olive St. 
JEflerson 5-4867 
W. HIGGENS 
SAN FRANCISCO, 4 
68 Post St. 
DOuglas 2-4600 
R. ALCORN 














EMPLOYMENT OPPORTUNITIES 


ENGINEERS - SCIENTISTS 


RECENT BREAKTHROUGHS IN SUPERSONIC AND 
HYPERSONIC KNOWLEDGE AND TECHNOLOGY 
BASIS OF MAJOR RESEARCH AND DEVELOPMENT 


ACCELERATION AT REPUBLIC AVIATION 


Alexander Kartveli, Vice President in Charge of Research and Development, 
Invites the Inquiries of High Calibre Engineers and Scientists 


Recent discoveries justify a large scale, 
long range integrated attack on all the com- 


* Advanced Propulsion Systems. 
* Nuclear Energy Applications to Aircraft. 


plex, interrelated aspects of passage through 
the upper atmosphere, in the opinion of 
Alexander Kartveli, creator of Republic's 
famous family of Thunder-Craft.* 


Republic’s R & D activities are now being 


* Capabilities of Materials in Hypersonic and 
Nuclear Environments. 


* Electronic systems development to expioit 


the fuli potential of the most radical con- 
cepts of flight. 


Positions Open At All Levels 


NUCLEO 
ELECTRON! 
SERVOMECHIA 
PROPULSION 
STRUCTURE 


materially augmented and accelerated to 
speed the exploration of this new knowl- 
edge and technology. The broad areas under 


study are: 


* Hypersonic and Satellite Weapons Systems. 


*fach ThunderCraft in turn has rep 
resented a significant advance in air- 
craft design. Latest member of this 
famous family is the incredible F-105 
Thunderchief, most advanced USAF 
fighter-bomber — supersonic and nu 
Clear-weapons carrying 


The quality of the opportunities for ere FLUTTER 4 


atively unhampered professional men with | DYNAMIC 


BRATION 


or AERODYNAM 

specialized experience in many fields is 

THERMODY AMICS 

evident. Republic welcomes your inquiries FIRE CONTROL SYSTEMS 

regarding positions in any one of the areas FLIGHT CONTROL SYSTEMS 
INERTIAL NAVICATION 

outlined 

INFRARED 

OPERA IC AL ANALYSIS OF 

WEAPO YSTEMS 
ATRPRAME AND YSTEMS DESK 


MATERIAI 


Please send complete resume of 
your technical background to En- 
gineering Personnel Manager Mr. 


David G. Reid 


&@ SEE FEMME EMAES AVIATION 


FARMINGDALE, LONG ISLAND. NEW YORK 
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ENGINEERING OPPORTUNITIES 


Aircraft Radio Corp., the industry's leader in avi- 
onics for over 30 years, has openings on its staff 
for forward thinking engineers in the following 
fields: 


™ TRANSISTOR CIRCUIT 

PROJECT ENGINEER 
& SERVO AND INSTRUMENT ENGINEER 
@ ENVIRONMENT—TEST ENGINEER 
COMPONENTS ENGINEER 


@ CHIEF ENGINEER TO HEAD SERVO AND 
INSTRUMENT DEPT. 


@ ADVANCED TECHNICIANS 


WRITE OR CALL COLLECT: Personnel Manager 


@ AIRCRAFT RADIO CORPORATION | 


BOONTON, NEW JERSEY Deerfield 4-1800 Ext. 238 


eo ee 1c 
ENGINEERS 


Several attractive openings for men who can offer us light to heavy experience in 


* SERVOMECHANISMS 
* FEED BACK TECHNIQUES 
* ANALOG COMPUTERS 
* SYSTEMS ENGINEERING 


With an expanding research and development organization 
specializing in airborne systems and components offering you 


CHALLENGING ENGINEERING PROBLEMS 
HIGH SALARIES © MERIT REVIEWS ANNUALLY 
PERMANENT EMPLOYMENT © LIBERAL BENEFITS 
EXCELLENT WORKING CONDITIONS 
All repiiea confidential. Interviews arranged at your conventence 
Phone ST 6-3315 FOR APPOINTMENT OR 
SEND COMPLETE RESUME TO PERSONNEL MANAGER 


AEROFLEX RESEARCH 


INCORPORATED 


48-25 36 St., Long Island Se , LN. 2 





@ INSTRUMENTATION and 
DATA REDUCTION SYSTEMS 


ENGINEERS 


OPPORTUNITY IN FAST GROWING COMPANY 
Consolidated AVIONICS Corp. 


| » evcswoon s-ssoo © Westbury, N. Y 


CHIEF ENGINEER 


$12,000-—-$15,000 i 
Moderate size, progressive manufacturer Electronic 
and Hydraulic instruments. Reports directly to 
View President 
Replies held in strictest confidence, Co. pays 
Ageney fee and relocation Expenses 
28 E. Jackson Bivd. Chiengo 4, Mlinois 
Monarch Personnel 
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ENGINEERS 


OPPORTUNITY ... RESPONSIBILITY 
.. . INTELLECTUAL & FINANCIAL 
GROWTH? These Become a Reality 
with CDC, the Originators of 
Compu Dyne Controls. 


@ This is an expanding organization 





of top-flight specialists, who are leaders 
in the use of the Systems Approach to 
Test Facility & Industrial Process Control 
Systems. 

@ If you are familiar with Basic In- 
strumentation Servo Mechanisms 
Electronic Systems - Hydraulic Compo- 
nents - Pneumatic Controls - or the 
Analog Computer, write now for any 


of the following openings: 


* Analytical Eng. ® Project Eng. 

* Application Sales Eng.* Senior Lab Eng 

* Electronic Instrument * Instrument 
Development Eng. Field Eng. 





FOR NYC INTERVIEW DURING THE 
AUTOMATION EXPOSITION, 
CALL ENTERPRISE 6065 


1 ede control services, ine. 
400 s. warminster rd. hathoro, pa. 











Sales Manager 


Small electronics and nuclear instrument 
manufacturing division of one of the 
country’s most progressive corporations 
is looking for Sales Manager to handle 
all of their sales organizational activi- 
ties. New plant location in beautiful 
suburban Hyde Park. Cincinnati, Ohio. 
Should have EE, ChE or BBA degree, 
and approximately 10 years experience 
in sales, marketing and product accept- 
ance of capital equipment to the process 
industries. 


Send resume to: 


CINCINNATI DIVISION 
BENDIX AVIATION CORPORATION 


3130 Wasson Road Cincinnati 8, Ohio 











New Advertisements 


received by November 27th will appear in the 
January issue subject to limitations of space 
space 
Classified Advertising Division 
CONTROL ENGINEERING 
P.O. BOX 12 . New York 36, N. Y. 














EMPLOYMENT OPPORTUNITIES 


Scientists and Engineers 


Operation Vanguard opens 


During the 1957-58 International Geophysical Year, the first man 
made satellite to be launched by the U. S. will be directed into its 
orbit by an ultra sensitive guidance system for which Honeywell 
will supply precision gyro and reference platform equipment 

To help in this challenging and important work and other ad 
vanced projects, Honeywell needs outstanding, creative scientists 
and engineers, offers them unusual opportunities for recognition 
and advancement 

You can expect a first-rate salary at Honeywell. A liberal benefit 
program inc ludes generous company-paid insurance, retirement 
plan and tuition allowances for advanced study 

You will work in small research and development teams which 
means your abilities will be quickly recognized. Salary increases 
and promotions are based entirely on merit. 

You'll find Minneapolis a fine place to live, too. It’s a city of 
lakes and parks, a city where you can find gracious living for your 
whole family just twenty minutes from where you work. Of 
course, Honeywell pays relocation and traveling expenses 


Honeywell 


Aeronautical Division 








Senior positions are Currently apes in 
1, De 
sign, Development and Production 
Engineers, Scientists and Aerodynami 
Analysts with degrees in E.E., M.1 
A.l Selbae Saal Metallurgy of 
Chemistry 
SATELLITE AND ICBM INERTIAL PLATFORMS 
AND GUIDANCE SYSTEMS ~ 
DIGITAL COMPUTERS 
AUTOMATIC FLIGHT CONTROL SYSTEMS 
JET ENGINE POWER CONTROLS 
ENGINE INLET DIFFUSER CONTROLS 
AIR DATA COMPUTERS 
BOMBING COMPUTERS 
FUEL AND OIL GAGES 
FLOATED AND WNON-FLOATED GYROS 
TRANSISTOR AMPLIFIERS 


the following fields for Resear 








’ ’ 
SEND RESUME TODAY —If your interests 
and experience are related to the fields listed 
in the panel above, mail a résumé of your 
education and experience to Bruce D. Wood 
Technical Director, Dept, T-GA, 1433 Stinson 
Boulevard, N.E., Minneapolis 13, Minnesota 
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EMPLOYMENT OPPORTUNITIES 


High 
Professional 


As 


Control Bystems as precedent-breaking as the 
wines tmust be 
rewnrding opportunities for engineers with the ability 
to give this development a firm, 


yy and turbojet engines are 
today at thie G-E 

revealed 
vances 


ANE AY A RR MA RR i a 


A whole new family of high-power 


low-weilght turbo 
in progress 
the recently 
engineering ad faa? 





depurtment, following 
T-568 with ite many unique 


new en 2 
developed. And there are a number of 3 
analytical basis 

Nes. 





Potential in 


_ CONTROLS | 
_ ANALYSIS | 





rhe 


spot 


at the 

SMALL AIRCRAFT 
ENGINE DEPARTMENT 
> of GENERAL ELECTRIC 


Write 


Mr 


determinin 
providing performance specifications 
and components... 
puter studies 
Preliminary Design, 
Groups 
personnel 


\Vivancement comes rapidly to engineers who demon 
trate their capacity in the 
Analysis 
operation is decentralized 
makes 
quickly recognized and rewarded 


GOOD STARTING SALARIES 

RELOCATION EXPENSES PAID = 
ATTRACTIVE LOCATION only 10 miles from z 
Bo'ton 
LIBERAL BENEFITS including a Stock Bonus 
Pian and Full Tuition Refund Program for 
Graduate study 


in complete 


such operati as: 
and specifying engine control fevematon 
or systems 
preparing data fer analog com- 
- providing consultation service to 
Advanced Design ond Project 
and + q@ control analysis 
and “many shes relative functions 








important field of Control 
department is itself expanding 
Management on-the- 
Your conttibutions are 


This G-E 


the decisions 


$i 


" 


with its many cultural advantages 


confidence to 


&. Woerw (Section 1-B-2) 


SMALL AIRCRAFT ENGINE DEPARTMENT 


GENERAL @® ELECTRIC 


1000 Weatern Avenu 


West Lyn Ma 


ae NMA it 


We want more than Just 


We want more because, frankly, we offer more. We pay top 
salaries, as do most companies seeking engineers. But in addition, 


we offer: 


1. Cash profit sharing, stemming from a philos 
ophy thet all our employes are partners in 
our business 


Other benefits that are clearly above the 
average in industry 


Opportunity for advancement and growth in 


We have a few openings for junior mechanical engineers, machine designers, 


market research analysts. 


Pieum 


Mr. John H, Miller 


m plete 


» Employment 


one of the most progressive companies in 

the office equipment field, but one thot still | 
is small enough to assure incentive and rec | 
ognition for the individual engineer 

To men ambitious for full happy lives Mor 

their families with country living in Con 
necticut, less than an hour from New York 


and 


resume to 


Manage 


PITNEY-BOWES, Inc. 


Stamford, Connecticut 


LEGAL NOTICE 


STATEMENT REQUIRED BY THE ACT OF AUGUST 


24, 1912, AB AMENDED BY THE ACTS oF 
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ENGINEERING 
SALES 


Are you interested in a sales engineering 
career in the field of instrumentation and 
automation? We are looking for qualified 
engineering graduates, preferably chemical 
or electrical, between 25 and 35 years of 
age, with a few years’ experience in instru- 
mentation or engineering sales, for location 
in Boston area; Buffalo; Syracuse; Green- 
ville, S. C.; Chicago; Tulsa; Houston; and 
Los Angeles 


Applicants must be willing to relocate and 
travel adjacent territory. Car furnished, sal 
ary and expenses, fringe benefits. Sales 
aptitude test furnished at our expense, plus 
thorough training course at home office 
(Foxboro, Massachusetts) for successful ap 
plicants 


If you feel you are qualified for a perma 
nent sales engineering position in this ex 


panding industry, please write, including 


outline of education and experience, to 


J. J. BURNETT 
Field Sales Manager 


THE FOXBORO COMPANY 


1546 OAKTON ST., SKOKIE, ILLINOIS 








CHIEF 
ELECTRONICS 
ENGINEER 


Small electronics and nuclear instrument 
manufacturing division of one of the 
country’s most progressive corporations 
needs qualified individaul to handle all 
electronic engineering and physics ac- 
tivities at new plant located in beautiful 
suburban Hyde Park, Cincinnati, Ohio. 


Should have MS or PhD in electronics or 
applied physics, with over 5 years ad 
ministrative or supervisory experience in 
engineering or research and develop- 
ment, preferably in fields of electronic 
or electro-mechanical instrumentation, 
physics and/or physical chemistry. 


Send resume to: 


CINCINNATI DIVISION 
BENDIX AVIATION CORPORATION 


3130 Wasson Road Cincinnati 8, Ohio 











NEED ENGINEERS? 


An ouotayment advertisement in this EMPLOY. 
MENT OPPORTUNITIES section will help you find 
the engineers yen need. it's an inexpensive, 
saving method of selecting com 

every engineering in the cont 
natatne ae reoulation of Contaet ena 
offers you an opportun 

best qualified men available. 











PROFESSIONAL SERVICES 


@ Research @ Instrumentation 
Testing @ Control Systems 

@ Management ®@ Design 

@ Economic Studies @ Patents 


GEORGE P. ADAIR ENGINEERING CO. 
Consulting Engineers 


Electronic Controls Electronic Processing 
Telemetering Communications —- Mlerowave 
Television Design Development — Research 
Application 
1610 Bye Street, N. W Washington 6, D. C. 
EXecutive 3-1220 


COMPUTATION SERVICES 


DIGITAL COMPUTATION, PROBLEM 
ANALYSIS, PROGRAMMING 


Box 151 Mineola, N. Y 


HANSON-GORRILL-BRIAN INC. 
Specialized Control Systems 
ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 


85 Hazel Street Glen Cove, N. Y¥ 
Glen Cove 4-7400 


KIRBY AND COPE ASSOCIATES 
HUMAN FACTORS 

Consultation on the design and utilization of me 
chanical and electrical eqtipment to sult man's 
physiological and psychological capabilities 
Specialists in the cross-application of physical set- 
ence and engineering with biology, medicine and 
psychology 


i515 Ramblewood Road Reltimere 12, Ma 
Tel. ID 3-2609 or T C 


T. W. KHIRALLA 
GEAR CONSULTANT 


Specializing m the design of gear trains for both 
power transmission and positional accuracy. Wide 
experience in ultra-high speed gear train design. 


52 North Hancock Street Lexington, Massachuarctts 
Telephone Volunteer 2-4102 


SVERDRUP & PARCEL, INC. 
Engineers—Architects 


Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 
and instrumentation for atomic energy chen 
jeal plants petroleum refineries . steel 
plants test facilities and other process 
industries 


915 Olive Street St. Lowle 1, Missourt 
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SALES @ ng 
EQUIPMENT (Used or 


“OPPORTUNITIES” 


INSTRUMENTS FOR SALE 
NEW—USED—REBUILT 


IMMEDIATE DELIVERY 

on Many Makes & Models. 

Large Number Temperature Controtiers 
indicators, Continuous Line & Mu 


Recorders. Leeds & Northru max, Micro. 
max; M.-H. Brown ElectroniKs; comers & others. 


Instruments Sold on Trial Basis 


Instrument Service Engineering Labs. 
1201 Lomar St. ADoms 2241 Dayton 4, Ohio 
P’yrometric Supplies & Accessories 
Thermocouple-Operated Instruments 
Repaired Rebuilt 
Bought Sold Rented 


EMPLOYMENT OPPORTUNITIES 
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KODAK COLOR PRINTER 


PRECISE 


EXPOSURE 
TIMING 


0 db and 20 db logarithmic potentiometer 


The unique 


tandard § 
ntoured 


ind high conformity 
ible the high 
non-linear potentiometers. This card desiqn ( contour: 
on both edge ilso permits greater flexibility in the 
ear function flexibility required for special design 


r 
in the Kodak Color Printer 


TIC manufacture 
f 


of high resolution 
resistance-element card makes pos: 


Complete specificc is on TIC non-linear potentiometers available upon 


request 


523 MAIN ST., ACTON, MASS. COlenial 3-7711 


West Coast Mail Address P.O. Box 3941 North Hollywood, Calif POpler 5-6620 

























From one control panel 
altitude, ram, or bleed air 
systems can be controlled 
manually or automatically 
Nearly 200 variables can be 
measured during a _ single 
test run. 





altitude 
chamber can accommodate 


This mammoth 


airplane test articles as large 
as 12 feet high x 18 feet # 
long x 12 feet wide. 











F&P CONTROL SYSTEM 
BRINGS THE STRATOSPHERE DOWN TO EARTH 


Flight Conditions Simulated from Sea Level to 120,000 
Feet at Douglas Aircraft Company, Inc. 


Fischer & Porter instrumentation automatic- from sea level to 120,000 feet, 
ally controls all the essential variables in the from —100°F. to +1000°F. 


temperatures 
and pressures from 
operation of the new altitude test chamber at 0 psia to 250 psia are easily obtained. During 
Douglas Aircraft Company, Inc., Tulsa, Okla- a single test run, nearly 200 measurements of 
homa. Altitude, weather and speed are auto- temperature, pressure, flow, humidity, vacuum, 
matically controlled to simulate an airplane’s and altitude are possible. 
actual flight conditions during take-off, strato- Fischer & Porter has successfully furnished 
spheric cruising, and landing. package instrumentation on similar aircraft 


All instrumentation is designed so that test facilities throughout the country. In your 


altitude, ram and bleed air systems can be 
controlled 3 ways... manually, automatically 
under steady state conditions, or automatically 


under program control conditions. Altitudes 


industry F&P’s experience in systems engineer- 
ing, control, field testing, field supervision and 
field start-up can be of service to you. 

Write today for complete information. 
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